UNCLASSIFIED 


AD  NUMBER 

AD206861 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release^  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  Dec  1958. 
Other  requests  shall  be  referred  to  Wright 
Air  Development  Center,  Wright -Patter son 
AFB,  OH  45433. 

AUTHORITY 

AFML  Itr,  21  Jan  1974 


THIS  PAGE  IS  UNCLASSIFIED 


WADC  TECHNICAL  REPORT  53-373 

SUPPLEMENT  5 

ASTIA  DOCUMENT  NO.  206861 


A  REVIEW  OF  THE  AIR  FORCE  MATERIALS 

RESEARCH  AND  DEVELOPMENT  PROGRAM 

\ 


H£L£N  H/N£S  MAXWELL 
MATERIALS  LABORATORY 


DECEMBER  1958 


BEST  AVAILABLE  COPY 
Statement  A 

Approved  for  Public  Release 


WRIGHT  AIR  DEVELOPMENT  CENTER 

YJ-  W 


NOTICES 


When  Government  drawings,  specifications,  or  other  data  are  used  for  any  purpose  other 
than  in  connection  with  a  definitely  related  Government  procurement  operation,  the  United  States 
Government  thereby  incurs  no  responsibility  nor  any  obligation  whatsoever;  and  the  fact  that 
the  Government  may  have  formulated,  furnished,  or  in  any  way  supplied  the  said  drawings, 
specifications,  or  other  data,  is  not  to  be  regarded  by  implication  or  otherwise  as  in  any  manner 
licensing  the  holder  or  any  other  person  or  corporation,  or  conveying  any  rights  or  permission 
to  manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 


Qualified  requesters  may  obtain  copies  of  this  report  from  the  Armed  Services  Technical 
Information  Agency,  (ASTIA),  Arlington  Hall  Station,  Arlington  12,  Virginia. 


This  report  has  been  released  to  the  Office  of  Technical  Services,  U.  S.  Department  of  Com¬ 
merce,  Washington  25,  D.  C.,  for  sale  to  the  general  public. 


Copies  of  WADC  Technical  Reports  and  Technical  Notes  should  not  be  returned  to  the  Wright 
Air  Development  Center  unless  return  is  required  by  security  considerations,  contractual  obliga¬ 
tions,  or  notice  on  a  specific  document. 


WADC  TECHNICAL  REPORT  53-373 

SUPPLEMENT  5 

ASTIA  DOCUMENT  NO.  206861 


A  REVIEW  OF  THE  AIR  FORCE  MATERIALS 
RESEARCH  AND  DEVELOPMENT  PROGRAM 


HELEN  HINES  MAXWELL 
MATERIALS  LABORATORY 


DECEMBER  1958 


WRIGHT  AIR  DEVELOPMENT  CENTER 
AIR  RESEARCH  AND  DEVELOPMENT  COMMAND 
UNITED  STATES  AIR  FORCE 
WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO 


McGregor  G  Werner  Midwest  Corp. ,  Dayton,  O, 
16-380-1500-1-6-59 


FOREWORD 


This  report  was  prepared  by  Mrs.  Helen  Hines  Maxwell  of  the  Technical 
Data  Section,  Technical  Services  Branch,  Materials  Laboratory,  Directorate 
of  Laboratories,  Wright  Air  Development  Center,  Wri^t-Patterson  AFB,  Ohio. 

Technical  Reports  prepared  by  Materials  Laboratory  project  engineers 
(those  having  no  contract  number)  and  Materials  Laboratory  contractors  dur¬ 
ing  the  period  1  July  1957  -  30  June  1958  are  abstracted  herein. 

Abstracts  of  Technical  Notes  of  general  public  interest  and  Technical 
Reports  not  previously  included  are  given  in  this  supplement. 

This  report  has  been  released  to  the  Office  of  Technical  Services, 

U,  S.  Department  of  Commerce,  Washington  25>  D.  C.  for  sale  to  the  general 
public.  To  order  copies  of  this  report,  address  inquiries  to  the  Department 
of  Commerce. 

Military  organizations  and  prime  contractors  of  the  Department  of 
Defense  engaged  in  research  and  development  should  direct  inquiries  to 
Armed  Services  Technical  Information  Agency,  Arlington  Hall  Station, 
Arlington  12,  Virginia. 

The  general  public  is  invited  to  submit  request  for  copies  of  techni¬ 
cal  reports  and  technical  notes  \dxich  are  abstracted  herein  to  the  Department 
of  Commerce.  Only  submit  requests  for  reports  ihat  state  OTS  release. 
Military  Organizations  and  prime  contractors  should  submit  their  requests 
with  the  ASTI A  document  number  to  the  Armed  Services  Technical  Information 
Agency, 


The  author  is  greatly  indebted  to  Mrs,  Louise  Maguire,  Mrs  Delcenla  M, 
Yates  and  Major  Morris  N,  N(yTick  for  their  assistance  and  counsel  in  the 
preparation  of  this  report. 
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ABSTRACT 


Three  hundred  and  three  (303)  technical  reports  and  technical  notes 
Witten  during  the  period  1  July  1957  -  30  June  1958  are  abstracted  herein. 
These  reports  cover  the  following  areas  of  research:  Adhesives,  biochemistry, 
electronic  materials,  materials  physics,  metallurgy,  packaging,  petroleum 
products,  plastics,  protective  treatments,  rubber  and  textiles. 

A  contractor  index,  investigator  index  and  a  numerical  index  of  all  the 
technical  reports  and  technical  notes  Issued  during  the  period  March  1923  - 
1958  are  provided. 


PIBUGATION  REVIEW 

This  report  has  been  reviewed  and  is  approved. 
FOR  THE  COMMANDER: 


MORRIS  N.  MIRIGK 
Maj  or,  USAF  ^ 

Chief,  Technical  Services  Brandi 
Materials  Laboratory 
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I,  TECHNICAL  REPCRTS  AND  TECHNICAL  NOTES  1  JULY  I957  -  30  JUNE  I958 


ADHESIVES.  STRUCTURAL 


WADC  TR  53-126  Pt  IV  July  195? 

ASTIA  Document  No*  AD  I30684 

SUBJECT:  ELEVATED  TEMPERATURE  RESISTANT  MODIFIED  EXPQXIDE  RESIN 

ADHESIVE  FOR  METALS 
INVESTIQATCR:  Marguerite  Naps 

CONTRACT:  AF  33(6l6)-3347 

CONTRACTOR:  Siiell  Development  Canpany 

ABSTRACT:  Jfetal  to  metal  adhesives  which  are  useful  at  temperatures 

up  to  500°F,  primarily  on  stainless  steel,  have  been  studied.  The  most 
promising  formulations  are  based  on  a  solid  polyepoxide  designated  as  Ex¬ 
perimental  Resin  X-131*  This  material  is  used  in  organic  solvents  for  the 
preparation  of  supported  adhesive  tapes  with  a  glass  fabric  carrier*  The 
adhesives  are  cured  at  elevated  tanperature  (330°F)  and  usually  at  100  psi* 
Bonds  to  type  30I  steel  are  characterized  by  brittleness  and  mediocre  repro¬ 
ducibility* 


An  adhesive  (Formulation  No*  1236)  based  on  a  combination 
of  Experimental  Resin  X-I31,  EPCN®^  I009  and  Fomnvar  15/95  ®  (polyvinyl 
formal)  appears  to  have  the  best  thermal  stability  on  aging  at  500°^"  of  any 
of  the  formulations  investigated*  The  adhesive  contains  aluminum  dust  as  the 
reinforcing  filler  and  is  cired  with  diaminodiphenylsulfone*  Shear  strength 
at  500°F  on  301  steel  is  1200  psi  after  200  hours  exposure  at  500°F  and 
about  800  psi  after  400  hours  exposure  at  500°F*  Strength  retention  on 
rapid  heating  is  mediocre,  however*  The  shear  strength  decreases  from  about 
4000  psi  to  530  psi  as  the  text  temperature  is  increased  from  room  tec^era- 
ture  to  500°F*  Postcuring  the  bonds  at  400®F  improves  the  hot  strength 
slightly  to  about  800  psi* 

EJxploratory  investigations  of  adhesives  based  on  ten  new 
experimental  resins  were  imsuccessful  for  the  development  of  a  formulation 
which  is  superior  in  heat  resistance  to  Formulation  No*  I236*  Several 
promising  paste- type  and  hot  melt  adhesives  comparable  in  bond  performance 
to  X-131  resin  adhesive  tapes  have  been  evaluated  briefly*  The  new  experi¬ 
mental  resins  are  similar  to  Experimental  Resin  X-13I  in  brittleness  and 
are  characterized  by  a  slow  rate  of  cure  with  conventional  curing  agent 
systems* 

Manuscript  released  by  author  September  195^  publication  as  a  WADC 
Technical  Report* 
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WADC  TR  54-447  Pt  II 
ASTIA  Document  No.  AD  130879 


July  1957 


SUBJECT:  WEATHERING  OF  ADHESIVE-BONDED  LAP  JOINTS  OF  CLAD  AIDMINUM 

ALLOY 

INVESTIGATOR:  H.  W.  Eickner 

CCNTRACT:  DO  33(616)56-9 

CONTRACTOR:  Forest  Products  Laboratory 

ABSTRACT:  Lap-joint  panels  of  clad  2024-T3  aluminum  bonded  with  nine 

metal-bonding  adhesives  were  weathered  at  Panama  Canal  Zonej  Fairbanks, 
Alaska;  Miami,  Fla.;  State  College,  N.  Max;  and  Madison,  Wis.  Panels  were 
exposed  while  stressed  in  bending  and  while  unstressed.  Test  panels  were 
also  exposed  to  several  laboratory  conditions. 

Three  of  the  adhesives  (2  epoxy  resins  and  a  phenolic- 
neoprene-nylon)  were  deteriorated  seriously  at  the  Canal  Zone  and  Florida, 
Exposure  at  the  other  3  sites  was  much  milder,  and  only  some  stressed 
epoxy-bonded  panels  failed  at  these  sites.  Through  1  year,  conditions  at 
the  Canal  Zone  caused  greater  bond  deterioration  than  those  in  Florida, 
After  3  years,  however,  the  deterioration  was  generally  worse  in  Florida, 
and  this  exposure  caused  2  other  adhesives  (nitrile-rubber  type)  to  dete¬ 
riorate.  Stressing  the  bonded  panels  over  bending  frames  generally  accel¬ 
erated  the  deterioration  of  those  adhesive  bonds  that  were  subject  to 
de  t  er  ior  at  io  n# 

Laboratory  exposure  to  salt-water  spray  or  exposure  to 
continuous  or  cyclic  conditions  of  120®F  and  97  percent  relative  humidity 
promoted  deterioration  in  the  same  types  of  bonds  that  deteriorated  frcm 
weather  at  the  Canal  Zone  or  Florida  sites. 

In  general,  the  adhesives  that  performed  well  in  these 
exposure  tests  were  types  that  have  qualified  under  the  applicable  Milit^y 
specification,  while  those  that  showed  appreciable  deterioration  have  not. 


WADC  TR  55-87  Pt  II  February  1958 

ASTIA  Document  No.  AD  150989 

SDBJBCTi  TREATMENT  OF  METAL  SURFACES  FOR  ADHESIVE  BONDING 

INVESTIGATORS  Samuel  N.  Mooboilek 

CONTRACTi  AF  33(6l6)-2347 

CONTRACTOR:  The  Franklin  Inetitute 

A  preliminary  investigation  of  the  effectiveness  of  mild 
acidic  or  basic  solutions  of  wotting  agents  for  treating  metal  eurfacoe 
prior  to  adhesive  bonding  shows  that  the  strong  acid  solutions  presently 
in  use  may  possibly  be  replaced  by  these  milder  solutions.  Joint  strengths 
approximating  the  values  obtained  with  strong  acid  solutions  have  been  ob¬ 
tained  with  aluminum,  stainless  steel,  and  titanium.  The  concentration 
of  components,  and  ionic  type  of  wetting  agent  are  specific  for  each  type 
of  metal. 
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Additional  correlative  tests  were  developed  for  evaluating 
surface  treatments.  The  interfacial  contact  angle  between  oil  and  water  on 
the  treated  surface  shows  a  greater  sensitivity  than  the  contact  angle  in 
air,  and  makes  it  possible  to  differentiate  between  two  treatments  that 
give  zero  contact  angles  against  water.  Contact  resistance  and  hydrogen 
overvoltage  measurements  can  be  definitely  correlated  with  the  contact 
angle  measurements.  The  contact  resistance  measurement  which  also  evaluates 
the  effect  of  oxide  thickness  appears  to  be  a  useful  instrument  for  indus¬ 
trial  application, 

A  study  of  the  role  of  the  adsorbed  film  on  adhesive  be¬ 
havior  indicates  that  the  more  reactive  metals,  aluminum  and  magnesium,  are 
more  sensitive  to  differences  in  the  chemical  structure  of  the  film.  There 
is  also  an  indication  that  these  films  may  affect  the  adhesional  character¬ 
istics  of  seme  type  of  bonding  agent. 

The  temperature  of  the  rinse  water  following  treatment  of 
aluminum  is  shown  to  be  Important  in  the  adhesional  characteristics  of  the 
metal.  Reproducibility  and  specificity  of  attractive  forces  between  ad¬ 
hesive  and  metal  were  investigated,  and  it  was  apparent  that  the  material 
and  procedural  parameters  must  be  studied  along  with  specific  affinities 
in  an  adhesive  system. 


WADC  TR  55”87  Pt  III  September  1957 

ASTIA  Document  No,  AD  131093 

SUBJECT;  TREATMENT  OF  METAL  SURFACES  FOR  ADEIESIVE  BONDING 

PART  HI,  Contact  Angle  and  Contact  Resistance 
Devices  for  Quality  Control 
INVESTIGATOR;  Richard  H,  Hollinger 

CONTRACT:  AF  33(6l6)-2347 

CONTRACTOR;  The  Franklin  Institute 

ABSTRACT;  Two  instruments  have  been  developed  fca*  quality  control 

use  to  determine  whether  surfaces  of  metals  have  been  adequately  prepared 

for  adhesive  bonding.  The  contact  resistance  apparatus  measures  the  break¬ 
through  voltage  of  a  surface  film  at  a  given  voltage.  The  contact  angle 
apparatus  measures  the  angle  of  contact  between  a  drop  of  water  and  the 
specimen  surface. 
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ASTIA  Document  No,  150993 

SUBJECT ;  TREATT'ffiNT  OF  METAL  SURFACES  FOR  ADHESIVE  BONDING 

INVESTIGATE;  Harry  G,  Bickford 

CONTRACT:  AF  33(6l6)-2347 

CONTRACTE;  The  Franklin  Institute 
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ABSTRACT:  The  scope  includes  the  development  and  evaluation  of  mild 

surface  treatments  for  clad  aluminum  alloy,  stainless  steel,  and  titanium 
alloy  and  investigations  of  the  critical  factors  involved  in  the  treatment 
of  magnesium  alloy.  Methods  of  evaluating  the  degree  to  which  a  surface 
has  been  cleaned  are  discussed  with  regard  to  the  ease  of  conducting  the 
tests  and  with  regard  to  their  reliability,  Effects  of  electrical  potent 
tials,  strong  alkali  and  acid  exposure  of  treated  surfaces,  and  time  delays 
between  treatment  and  priming  of  the  surfaces  on  bond  strength  are  subjects 
of  discussion.  Results  of  radioactive-tracer  work  using  isotopic  chromium 
are  used  to  lay  a  basis  for  a  theory  of  bonding. 


WADC  TR  55-87  Pt  V  February  1958 

ASTIA  Bocument  No,  AD  150998 

SUBJECT:  TREATMENT  OF  METAL  SURFACES  FOR  ADHESIVE  B(M)ING 

INV^IGATORt  Ednund  Thelen  James  B,  Drew 

Richard  HoUiixger  Charles  J,  Varker 

Thcmas  I,  Haigh,  Jr,  Wallace  E,  Frank 

CONTRACT:  AF  33(6l6)-2347 

CONTRACTOR:  The  Franklin  Institute 

ABSTRACT:  The  scope  includes  analysis  of  strong  and  mild  surface 

treatments  for  clad  aluminum  alloy,  stainless  steel,  and  titanium  alloy  and 
of  the  best  treatment  for  magnesium  alloy.  Reaction  of  bonded  surfaces  to 
sand  and  vapor  blast  treatments  is  analyzed.  The  resistance  of  the  treat¬ 
ments  to  salt  spray  are  evaluated.  Field-repair  treatments  are  discussed 
and  results  of  tests  tabulated.  Quality  control  instrumentation  is  outlined. 
Application  of  d-c  potentials  to  bonded  surfaces  was  determined  to  be  dele¬ 
terious,  Radio-tracer  studies  using  isotopic  chromium  provided  valuable  in¬ 
formation  regarding  the  role  of  chromium  ions  in  metal  surface  preparation, 

A  means  of  providing  continuous  indication  of  bond  strength  during  the  life 
of  the  plane  is  suggested. 


WADC  TR  55-87  Ft  VI  February  I958 

ASTIA  Document  No,  AD  150999 

SUBJECT:  TREATMENT  OF  METAL  SURFACES  FOR  AfflESIVS  BONDING 

PART  VI,  Summary  of  Methods 
INVESTIGATQRt  Richard  Undsay,  Jr, 

CONTRACT:  AF  33(616 )-2347 

CONTRACTOR:  The  Franklin  Institute 

ABSTRACT:  Methods  for  surface  preparation  or  stainless  steel,  titani¬ 

um,  aluminum,  and  magnesium  for  adhesive  bonding  are  contained  in  this  sum¬ 
mary,  The  treatments  are  those  that  were  found  to  be  most  promising  when 
used  with  certain  adhesives. 
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WADC  TR  55-271  Ft  Ill 
ASTIA  Document  No.  AD  151IO7 


April  1958 


SUBJECT;  RESEARCH  ON  ELEVATED  TET^IPERATURE  RESISTAI'JT  INORGAI^IC 

POLYMER  ADHESIVES 
INVESTIGATOR;  Harold  H.  Levine 

CONTRACT;  AF  33(616 )-38?4 

CCWTRACTQR ;  Quantum,  Incorporated 

ABSTRACT;  Attempts  to  prepare  heat  stable  materials  for  foimulation 

with  the  ammeline-phosphorus  pentoxide  inorganic  adhesive  are  desci'ibed. 

The  two  approches  deemed  as  most  promising  were  epoxysilicon  and  epoxy-2,- 
triazine  compounds. 

The  synthesis  and  preliminary  evaluation  of  2,4-bis(glycidyl)- 
6-methoxy-s.-triazine  is  described.  With  certain  formulations  a  tensile  sheer 
value  of  about  2100  psi  was  obtained  from  room  temperature  up  to  and  including 
400 °F. 

An  unexpected  degree  of  reactivity  was  found  in  2,4-bis 
(glycidyl)-6-methoxy-s.-triazine  and  materials  such  as  diphenylsilanediol  and 
consnercial  silicone  polymers  could  be  used  as  true  curing  agents. 

The  inorganic  adhesive  prepared  from  arameline  and  phosphorus 
pentoxide  cures  the  2,4-bis(glycidyl)-6-methoxy-^-triazine.  Slirther  work  is 
necessary  on  this  particular  system. 

Synthesis  of  trimethylsilylpropylene  oxide,  as  a  model  com¬ 
pound,  was  shovm  by  infra-red  analysis  but  could  not  be  isolated. 


WADC  TR  55-491  Ft  III  December  I957 

ASTIA  Document  No.  AD  142226 

SUBJECT:  RESEARCH  ON  ELEVATED  TEMPERATURE  RESISTANT  CERAMIC 

STRUCTURAL  ADHESIVES 

INVESTIGATOR;  Richard  M,  Spriggs  Henry  G.  lefort 

Charles  N,  Williams  Dwight  G,  Bennett 

COOTRACT:  AF  33(6l6)-2556 

CONTRACTOR;  University  of  Illinois 

ABSTRACT;  The  object  of  the  investigation  was  to  develop  high  temper¬ 

ature  resistant  structural  adhesives  for  Type  ^01  and  302  stainless  steel  or 
other  desired  alloy  metals,  particularly  Type  17-7  PH,  from  ceramic-oxide 
glassy-bond  coatings,  cermets  with  sintered  metal  bonds,  air  setting,  temper¬ 
ature-resistant  silicates,  aluminates,  oxychlorides,  oxysulfides,  and  ceramic- 
oxide  resin  bonded  coatings. 
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Nine  new  ceramic  glassy-bond  adhesives  developed  to  mature 
within  the  relatively  low  temperature  range  of  1300-1500°F,  gave  only  nomi¬ 
nal  shear  strengths  of  530  psi  at  600®F  and  750  psi  at  800°F, 

Glassy-bond  ceramic  adhesive  UI  117“50»  when  matured  at 
1750°F  during  the  hardening  treatment  RH  950  for  17-7  PH  stainless  steel, 
gave  average  (two  to  four  specimen^  shear  strengths  ranging  from  990  psi  at 
room  temperature  to  980  psi  at  1000®F,  The  curve  was  quite  flat  through 
four  of  five  temperature  points.  It  reached  a  high  of  1750  psi  at  90C®F, 

Glassy-bond  cersmic  adhesives  UI  I067-3  and  UI  lo67-4t  con¬ 
taining  10  and  20  per  cent  carbonyl  iron,  respectively,  both  developed  more 
than  1500  psi  at  room  temperature  and  at  10G0®F,  with  higher  values  at  600 
and  800°F,  Their  shear  strength- temperature  curves  were  quite  flat  with  all 
values  being  within  about  10  per  cent  of  the  average  values  which  were  slight¬ 
ly  above  I700  psi. 


The  advantageous  use  of  carbonyl  iron  (20^)  and  silicon 
powder  (10^)  is  shown  with  ceramic  adhesive  UI  II7-63  which  gave  an  average 
shear  value  of  1455  psi  at  four  temperature  points  (room  to  1000®F),  The 
highest  value  was  1505  Psi  room  temperature.  The  lowest  was  1415  psi 
at  8O0°F,  All  of  the  values  were  within  about  three  per  cent  of  the 
average. 


Adhesive  bonded  specimens  subjected  to  the  severe  environ¬ 
ment  of  loo  hours  inmersion  in  boiling  water,  in  general,  lost  strength  but 
one  adliesive  (UI  117-59)  containing  10%  carbonyl  iron  and  used  with  a  28 
mesh  stainless  steel  carrier  actually  showed  an  increase  in  strength  after 
immersion  in  boiling  water. 

Other  specimens,  both  with  and  without  additions  of  carbonyl 
iron,  were  subjected  to  143  hours  of  heating  at  1000°F  plus  25  thermal  shock 
cycles  between  room  temperature  and  1000®F,  Their  shear  strengths  were  im¬ 
proved  rather  than  harmed  by  this  treatment. 

The  great  potential  usefulness  of  metal  powders  in  ceramic 
adhesives  is  shown  by  UI  II7-64  which  contains  30  per  cent  carbonyl  iron. 

This  adhesive,  although  it  fell  off  sharply  on  either  side,  developed  an 
average  of  more  than  5^00  psi  at  80o‘^F, 

In  the  field  of  air-setting  or  low  temperature  cure  adhesives 
it  appears  that  those  of  the  aluminum  phosphate  type  offer  some  promise. 

Tests  conducted  with  air-setting  adhesives  indicate  that 
their  moisture  sensitivity  can  be  reduced  tlircugh  the  use  of  a  dense  adhesive 
structure,  or  by  the  addition  of  a  sealant  such  as  tetraphenyltin, 

WAUC  TR  56-320  Ft  II  February  I958 

ASTIA  Document  No.  AD  I50967 

SUBJECT:  RESEARCH  ON  STRUCTURAL  ADHESIVE  PROPERTIES  OVER  A  VHDE 

TEMPERATURE  RANGE 
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INVESTIGATOR: 


H.  R.  Iferriman 
H.  L,  Goplen 
CONTRACT :  AF  33( 6l 6 )-3902 

CONTRACTOR;  The  Martin  Company 

ABSTj  act  Time-deformation  creep  curves  were  obtained  for  a  number 

of  adhesives  using  specified  test  temperatures  and  stress  levels  which  re¬ 
sulted  in  time-to-rupture  life  in  the  100-to  200-hour  range.  The  stress 
levels  used  in  this  project  were  determined  from  information  obtained  from 
work  reported  in  ¥ADC  TR  5^-320, 

The  adhesives  tested  were  AF-6,  PA -101,  Flastilock  6o8, 
Metlbond  4021,  FM-47  Uquid,  FM-47  Film,  Redux  E  (Type  R),  Cycleweld  55-20, 
Shell  422,  and  HT-424»  Two  metal  alloys  were  used,  2024-13  clad  and  bare 
alvuninum  alloy  and  Type  30I,  i  hard  stainless  steel. 

The  tests  were  conducted  on  i-inch  lap  coupons,  at  three 
different  tengieratures  for  each  adhesive.  Stress  was  applied  by  dead 
weight  loading.  The  defornation  of  the  glue  line  was  measured  by  observ¬ 
ing  the  displacement  of  three  fine  scribe  lines  across  the  vertical  edges 
of  the  lap  joint,  A  Gaertner  100-power  microscope  with  a  bilfilar- micro¬ 
meter  eyepiece  and  lOX  objective  lens  was  used  to  measure  deformation  of 
the  glue  line. 


The  results  obtained  in  these  tests  indicated  that  the 
method  of  measuring  creep  deformation  by  observing  jscribe  lines  threugh 
a  microscope,  properly  controlled,  provides  a  reproducible  test  procedure. 
It  was  noted  that  each  specific  adhesive  had  an  approximately  constant 
total  deformation  and  creep  rate  for  the  three  tests  temperatures  and  cor¬ 
responding  stress  levels. 


WADC  TR  57-513  November  1957 

ASTIA  Document  No,  AD  I42152 

SUBJECT;  STRUCTURAL  AIHESIVES  AND  SANDWICH  CX3NSTRUCTI0NS 

WADC  -  UNIVERSITY  OF  DAYTON  JOINT  SYMPOSIUM 
INVESTIGATOR;  Theodore  J,  Martin 

ABSTRACT;  This  report  is  a  ccanpilation  of  papers  presented  at  the 

Wright  Air  Development  Center  -  University  of  Dayton  joint  symposium  on 
Structural  Adhesives  and  Sandwich  Constructions,  12-13  June  1957 »  Dayton, 
Ohio.  The  papers,  for  the  most  part,  reviewed  work  done  on  Materials 
laboratory  research  and  development  contracts, 

WADC  TR  57-696  April  1958 

ASTIA  Document  No,  I5II26 

SUBJECT;  ROOM  TEMPERATURE  CURING  STRUCTURAL  ADHESIVES  FOR  METALS 

INVESTIGATOR;  E.  A.  Blojnners  B.  D,  Balpern 

£.  W.  lane 
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CflMTRACT;  AF  33(6l6)-3654 

CONTRACTOR;  The  Borden  Canpany 

ABSTRACT:  Formulations  containing  noTolac  epoxy  resins  have  been 

evaluated  as  room  temperature,  low  pressure  cured  metal-to-metal  adhesives, 
A  number  of  combinations  of  novolac  epoxy  resins,  Epon  5^2,  Thiokol  IP-3i 
fillers  and  mixtures  of  primary  and  tertiary  amines  have  been  found  to 
give  bonds  with  good  strengths  and  salt  spray  resistance, 

Attar^jts  to  use  cyclohexene  diepoxides  in  roan  temperature 
curing  adhesive  formulations  did  not  prove  successful.  Copolymerization  of 
methacrylatoethyl  phosphates  with  methyl  methacrylate  in  redox  systems  at 
roan  tecqperature  yielded  adhesives  with  mediocre  strengths. 


BIOCHEMISTRY 


WADC  TN  57-232 


August  1957 


SUBJEXTT:  EVALUATION  OF  FOUR  AROMATIC  FLUORINE  CCMPOUNDB  AS 

FUNGICIDES  FOR  VEGETABLE  AND  CHRCME  TANNED  LEATHERS 


INVESTIGATOR: 

CONTRACT: 

CONTRACTOR: 

ABSTRACT: 


Jerome  J,  Jansing 
Willim  T,  Roddy 
AF  33(6i6)-2466 
University  of  Cincinnati 

Fungus  resistance  evaluations  were  made  on  vegetable  tan¬ 


ned  and  chrome  tanned  leather  materials  treated  with  basic  formulations  of 


selected  aromatic  fluorine  chemicals. 


Results  indicate  that  3»3 '“'ii^i^o^'0-4»4'“^ibydroxybiphenyl; 
5,5 '-difluoro-2,2'-dihydroxybiphenyl;  and  Bis(-2-hydroxy-5-fiuorophenyl) 
sulfide  each  have  a  good  potential  of  being  developed  into  non-toxic  and  ef¬ 
fective  fungicides  for  use  in  leather  materials. 


WADC  TR  58-32  Itoch  1958 

ASTIA  Document  No,  AD  151034 
OTS  Release 

SUBJECT:  BACTERIAL  ACTIVITY  IN  JP-4  FUEL 

INVESTIGATOR:  Sam  Bakanauskas 

ABSTRACT:  Studies  were  made  with  sludge  san?3les  obtained  from  tanks 

used  to  store  JP-4  fuel,  a  kerosene- type  fuel  used  in  USAF  jet  aircraft. 

The  tanks  were  located  at  Lincoln  AFB,  Schilling  AFB,  and  Davis-Monthan  AFB, 
Results  of  these  studies  indicated  the  following: 
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1«  Sludge  was  caused  by  bacteria,  and  by  products  result¬ 
ing  from  bacterial  metabolic  activity. 

2.  JP-4  fuel,  and  additives  (corrosion  and  gum  inhibitors) 
approved  for  USAF  use  in  JP-4  fuel,  are  not  bacterio¬ 
static  agents,  JP-4  fuel,  and  some  additives  were 
found  to  be  nutritive  for  bacteria, 

3,  A  1,5-2, 0^  concentration  of  sodium  tetraborate,  by 
weight,  or  a  2,0%  concentration  of  potassium  tetra¬ 
borate,  by  weight,  in  water  bottcms  of  JP-4  storage 
tanks  can  produce  bacteriostatic  conditions  within 
the  tank. 


BRAZING  ALLOYS 


WADC  TR  57-648  March  1958 

ASTIA  Document  No,  AD  151OI3 
OTS  Release 


SUBJECTTi  DEVELQFMSNT  OF  OXIDATION  AND  LIQUID  SODIUM  RESISTANT 

BRAZING  ALLOTS 


INVESTIGATOR:  Domenic  A,  Canonic© 

Harry  Schwartzbart 


CONTRACT:  AF  33(600)33406 

CONTRACTOR:  Armour  Research  Foundation 

ABSTRACT:  The  first  year’s  work  has  been  completed  at  Armour  Research 

Foundation  on  a  program  which  has  as  its  objectives:  (l)  the  development  of 
filler  metals  for  brazing  type  3IO  stainless  steel  to  Inconel,  the  brazements 
to  be  resistant  to  oxidation  and  attack  by  molten  sodium  at  l650®F,  and  (2) 
the  development  of  a  simple  test  for  the  ductility  of  a  brazed  joint. 


Three  metals  —  iron,  chromium,  and  nickel  —  were  selected, 
from  oxidation  and  sodium  resistance  considerations,  as  the  base  metals  from 
which  to  develop  acceptable  brazing  alloys.  From  a  study  of  all  the  avail¬ 
able  pertinent  phase  diagrams  9I  alloys  were  devised,  of  which  I6  satisfied 
the  flow  temperature  and  flowability  requirements  of  the  program.  The  flow 
ternperature  was  between  1750°^  aud  1900°F,  Minimum  flowability  was  three 
inches  of  length  along  a  six-inch  T-specimen, 

T-specimens  brazed  with  these  I6  alloys  were  subjected  to 
an  oxidizing  atmosphere  for  500  hours  at  l650®F,  Four  alloys  successfully 
withstood  oxidation  to  a  depth  of  less  than  0,003  iueh. 
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A  test  for  ductility  of  brazed  Joints*  based  on  the  premise 
that  the  load  necessary  to  cause  cracking  in  the  fillet  of  a  braze  is  a 
measure  of  the  ductility  of  the  brazing  alloy*  has  been  developed*  The  test 
has  shown  itself  to  be  capable  of  differentiating  two  filler  alloys*  although 
the  large  amount  of  scatter  obtained  required  that  a  statistical  analysis  of 
the  data  be  applied*  Further  development  should  reduce  the  scatter* 


CERAMICS 


WADC  TR  55-500  Pt  I  July  1957 

ASTIA  Document  No*  AD  I30904 

SUBJECT:  AN  INVESTIGATION  OF  INFRARED  TRANSMITTING  MATERIALS 

INVESTIGATOR:  N.  J*  Kreidl  H*  A.  Weidel 

H,  C*  Hafner  E,  C,  Letter 

J*  R,  Hensler 

CONTRACT:  AF  33(616)2769 

CCNTRACTOR:  Bausch  &  Lomb  Optical  Co. 

ABSTRACT:  The  development  of  calciion  aluminate  glasses  permitting 

useful  transmission  out  to  about  6  microns  and  having  satisfactory  working 
properties  to  permit  normal  castforming  procedures  in  10  pound  melts  is 
described*  These  glasses  have  high  softening  temperatures*  thermal  expan¬ 
sion  coefficients  equivalent  to  soda-lime-silica  glasses*  and  can  be  polish¬ 
ed  by  standard  techniques*  Investigations  of  other  glass  systems  are  dis¬ 
cussed* 


A  fundamental  study  to  determine  if  pressed  and  sintered 
compacts  of  small  crystals  can. be  made  into  suitable  infrared  transmitters 
is  described*  Work  has  been  limited  to  a  few  materials  which  transmit  in¬ 
frared  energy  in  their  single  crystalline  forms*  Relationships  of  material 
preparations*  particle  sizes,  sintering  techniques*  and  transmissions  ob¬ 
tained  are  discussed* 


WADC  TR  57*86 


SUBJECT: 

INVESTIGATOR: 

CONTRACT: 

CONTRACTCR: 


HOT  PRESSING  OF  BERYILIA  ROCKET  NOZZLES 

J,  K*  Evans 

G.  D,  Kriebel 

AF  33(616)3699 

The  Beryllium  Corporation 


January  1957 
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ABSTRACT:  The  effects  of  time,  temperature,  pressure,  and  particle 

size  on  the  density  of  hot  pressed  beryllium  oxide  were  investigated.  Ex¬ 
perimental  conditions  and  densities  obtained  are  tabulated  for  two  types 
of  beryllium  oxide  and  their  mixtures,  A  description  of  the  equipment, 
procedures,  and  starting  materials  is  included.  Photomicrographs  of  hot 
pressed  beryllia  of  maximum  density  are  shown.  The  fabrication  of  rocket 
nozzles  according  to  the  best  procedures  is  described,  A  limited  study  of 
the  machining  of  hot  pressed  beryllia  is  included. 


WADC  TR  57-135  August  1957 

ASTIA  Document  No,  AD  I3IO3I 
OTS  Release 

SUBJECT:  A  STUDy  OF  GRADED  CERMET  COMPCNSNTS  FOR  HIGH  TEMPERATURE 

TURBINE  APPLICATIONS 
INVESTIGATOR:  Henry  W,  I^iwendel 

Claus  G,  Goetzel 

CONTRACT;  AF  33(616 )-3670 

CONTRACTOR:  Sintercast  Corporation  of  America 

ABSTRACT;  The  purpose  of  this  investigation  is  a  preliminary  study 

of  graded  cermet  turbine  components  designed  to  improve  the  ductility  and 
toughness  of  the  root  and  airfoil  tip  sections.  Ballistic  impact  tests  at 
low  and  high  temperature,  before  and  after  heat  shock  cycling,  were  per¬ 
formed  on  a  wedge-like  simulated  turbine  bucket  shape  divided  into  three 
general  areas  representing  the  root,  airfoil  tip,  and  airfoil  body  sections 
of  a  turbine  bucket.  The  wedges  were  produced  of  materials  believed  to 
have  a  satisfactory  strength  to  withstand  the  temperatures  and  stresses  pre¬ 
vailing  in  high  tea5)erature  gas  turbine  operation:  For  the  cermet  core  of 
the  bodies,  a  cermet  was  selected  on  the  basis  of  preliminary  tests  which 
consisted  of  titanium  carbide  infiltrated  with  molten  Inconel-X;  for  the 
metal-rich  layers  applied  to  the  root  and  airfoil  tip  sections,  an  lalloy 
was  selected  consisting  of  Inconel-X  enriched  with  titanium  carbine.  The 
core  material  had  a  carbide  concentration  corresponding  to  61-63%  of  theo¬ 
retical  carbide  density  as  measured  on  skeleton  bodies  prior  to  infiltra*** 
tion.  The  stress  to  withstand  100  hours  life  at  1800®F  of  this  core 
material  was  found  to  be  in  the  order  of  12,000  pai.  The  metal-rich  alloy 
layers  analyzed  approximately  10%  by  weight  of  titanium  carbide;  the  stress 
of  this  material  to  withstand  a  100-hour  life  at  l600®F  was  found  to  be  in 
the  order  of  20,000  psi. 

The  graded  layers  were  applied  during  the  infiltration  of 
the  wedge  by  filling  with  an  excess  of  Infiltrant  a  gap  formed  between  the 
skeleton  and  an  investment  mold  used  in  the  infiltration  process.  Thus  a 
structure  was  obtained  in  which  the  graded  surface  layer  constitutes  a  con¬ 
tinuation  and  extension  of  the  nickel  alloy  matrix  of  the  cermet  core  con¬ 
taining  dispersed  titanium  carbide  inclusions.  The  test  results  indicate  a 
substantial  improvement  to  be  gained  in  ballistic  in^jact  strength  by  pro¬ 
viding  metal-enriched  areas  at  the  edges  and  tip  of  the  airfoil.  An  oxida- 

U 
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tion-resiatant  ductile  alloy  layer  deposited  as  a  cladding  on  the  entire 
surface  of  the  simulated  turbine  coqponent  resulted  in  an  equally  important 
imprOTement  of  the  thexval  shook  resistance  of  the  titanium  carbide  cermet 
bodies. 


WADC  TR  57-577  Pt  I  February  1958 

ASTIA  Document  No.  AD  150957 
OTS  Release 

SUBJECT:  DEVELOfMEWT  AND  EVALUATION  OF  INSULATING  TYPE 

CERAMIC  COATINGS 

PART  I.  Development  and  Snail  Scale  Testing 
INVESTIGATORt  S.  Sklarew 

C.  A.  Hhuok 
A.  V,  Levy 

CONTRACT  J  AF  33(6l6)-2957 

CONTRACTOR:  Marquardt  Aircraft  Co. 

ABSTRACT:  Eight  systems  of  metal  reinforced  refractory  coatings 

were  investigated.  These  systems  were  based  on  sodium  silicate,  frit, 
aluminum  phosphate,  and  1^389*  binders  with  refractory  grain  fillers 
and  they  were  designed  to  Insulate  aircraft  structural  members  operating 
in  the  thermal  range  of  2000®  to  3000®F. 

Thermal  drops  of  as  high  as  10®F  per  thousandth  inch  of 
coating  thickness  at  equilibriiua  were  observed  with  lag  times  up  to  60 
seconds  to  attain  equilibriiom  imder  laboratory  test  conditions. 


WADC  TR  57-665  February  1958 

ASTIA  Document  No.  AD  150965 
OTS  Release 

SUBJECT:  DEVELOEWENT  AND  EVALUATION  SERVICES  ON  CERAMIC 

MATERIAIU  AND  WALL  COMPOSITES  FOR  HIGR-TEMPERATURE 
RADOME  SHAPES 
INVESTIGATOR:  John  J.  Dorsey 

CONTRACT:  AF  33(6l6)-3397 

CONTRACTOR:  P.  R.  Mallory  &  Co.,  Inc, 

ABSTRACT:  Since  the  speeds  of  aircraft  and  guided  missiles  are  in¬ 

creasing.  the  present  organic  base  radomes  are  becoming  obsolete.  Various 
flame  spraying  methods  which  mi^t  be  used  to  fabricate  a  radome  from  in¬ 
organic  or  ceramic  materials  were  investigated. 

Numerous  compositions  were  mixed  and  flame  sprayed.  Sili¬ 
ca.  alone  or  with  additions,  was  the  only  material  which  could  be  fabricated 
into  a  hard,  dense  deposit.  Alumina  mad  other  miscellaneous  compositions 
were  also  flame  sprayed  but  in  all  cases,  the  deposits  were  either  full  of 
laminations  and  voids  or  cracking  occurred  on  cooling. 
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Means  of  obtaining  more  uniform  deposits  were  investigated. 
These  included  obtaining  a  more  uniform  powder  flow  and  increasing  flsme 
temperature  both  by  additions  to  the  powder  and  by  external  means,  Linde 
"flame  plated"  alumina  deposits  were  also  investigated. 

Rain  erosion  specimens  and  flat  plates  were  flame  sprayed 

and  machined. 


Bars  were  cut  from  large  flame  sprayed  deposits  in  order  to 
observe  the  uniformity  obtained  with  the  flame  spray  technique. 

Flame  spraying  onto  silica  cloth  is  also  discussed.  Flame 
polishing  in  conjunction  with  this  method  produces  a  much  smoother  surface 
than  when  the  silica  is  sprayed  directly  on  a  carbon  block.  Several  radomes 
were  also  flame  sprayed  using  a  silica  cloth  base, 

^parently,  the  most  valuable  application  of  flame  spraying 
would  be  to  patch,  adjust  electrical  thickness  or  to  repair  rain  erosion 
damage, 

A  brief,  but  conqprehensive,  summary  of  all  experimental  re¬ 
sults  is  given  at  the  end  of  the  report. 


WADC  TR  58-12  Pt  I  March  1958 

ASPIA  Document  No,  AD  151079 
OTS  Release 


SUBJECTT:  HIGH-TMPIRATDRE  ELECTRICAL  IKSUUTING  INQRGMIC 

COATINGS  CN  WIRE 


INVESTIGATOR:  Clifton  G,  Bergeron  Robert  J.  Beals 

Arthur  L,  Stiedberg  William  M,  Faber 

Paul  F,  Schwarzlose 


CONTRACT:  AF  33(6l6)-3943 

CONTRACTOR:  University  of  Illinois 

ABSTRACT:  An  investigation  was  undertaken  to  develop  and  evaluate 

hlgh-t^iperat\ire  electrical  insulating  inorganic  coatings  for  cooper  wire, 

and  to  develop  methods  for  applying  these  materials  to  wire. 


Test  procedures  were  developed  for  determining  the  dielec¬ 
tric  strength,  dielectric  constant,  and  dissipation  factor  of  experimental 
coatings  on  both  sheet  copper  and  copper  wire. 

Certain  coating  condos itions  formulated  in  the  alkall- 
system  were  found  to  have  the  requisite  dielectric  properties  at 
room  ten5)erature. 
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Equipment  was  designed  and  constructed  for  continuously 
applying  and  firing  vitreous  eoatings  onto  copper  wire*  The  considera¬ 
tions  relating  to  flexibility  and  dielectric  properties  of  the  coated  wire 
are  discussed* 


WADC  TH  58-13  Pt  I  March  1958 

ASTIA  Document  No*  AD  151062 
(Xrs  Release 


SUBJECTS 

INVESTIGATOR! 

CONTRACTS 

CONTRAOTCRs 

ABSTRACTS 


HIGitTEMPESATURE  INSULATION  FOR  WIRE 
J*  D*  Walton  and  J*  N*  Harris 
AF  33(6i6)-3944 

Georgia  Institute  of  Technology 

A  literature  survey  was  undertaken  to  review  possible 


methods  for  use  in  developing  an  electrical  insulating  coating  for  the 
high  temperature  protection  of  wire* 


Ceramic-organic  coatings  were  developed  which  cover  the 
range  from  room  tenperature  to  1300®  F  when  applied  directly  to  metal* 
These  eoatings  withstand  l500®--but  a  wetting  problem  was  encountered  with 
the  enamel  on  metals*  However*  since  the  final  ceramic  organic  coating  is 
applied  over  a  base  coating  of  aluminum  oxide  the  wetting  problem  is  not 
expected  to  cause  difficulty*  The  effect  of  solution  of  aluminum  oxide  in 
the  enamel  is  being  investigated* 

Curing  studies  have  shown  that  methods  of  curing  resin- 
frit  coatings  is  an  in^ortant  parameter  in  obtaining  proper  bxim-out  tem¬ 
perature  of  resins* 

Aluminum  phosphate  and  silica  were  tested  briefly  as 
possible  base  eoatings  for  the  final  ceramic-organic  coating  but  adherence 
and  corrosion  problems  caused  this  work  to  be  discontinued* 

Several  anodizing  baths  have  been  tried*  among  them  boric 
acid*  oxalic  acid*  and  sulfuric  acid*  Among  these*  sulfuric  acid  seems  to 
give  the  best  anodized  coating* 

Application  of  aluminum  to  copper  wire  has  been  the  area 
where  the  most  difficulty  has  been  encountered*  Although  coatings  with 
very  good  adherence  have  been  obtained*  first  indicatioxis  were  that  the 
problem  in  plating  seemed  to  be  in  pre-cleaning  of  the  copper*  For  this 
reason*  gold  plate  was  applied  as  an  initial  coating  in  some  tests  prior 
to  aluminum  plating  the  copper* 
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CHEMISTRY 


WADC  TR  53“  147  Sup  1  September  1957 

ASTIA.  Document  No,  AD  I3I072 

SUBJEJCT:  NON  TOXIC  SOLVENTS  FCR  CLEANING  AIRCRAFT  ENGINES 

AT  EXTREMELY  LOW  TEMPERATURES 
INVESTIGATOR!  Robert  E,  Cretcher 

ABSTRACT;  Two  reciprocating  aircraft  engine  degreasing  formulae 

consisting  essentially  of  methylene  chloride  and  aliphatic  petroleum 
hydrocarbon,  suitably  inhibited,  had  been  recoranended  on  the  basis  of  labo¬ 
ratory  evaluations  as  being  suitable  for  use  under  arctic  conditions.  Serv¬ 
ice  tests  were  conducted  by  three  operational  activities  of  the  Alaskan  Air 
Command  during  the  winter  seasons  of  1954“ 1955 »  and  1955“195^«  The  results 
of  the  operational  usage  of  the  two  degreaser  formulae  and  a  control  solvent 
Indicate  generally  that  either  of  the  test  formulae  would  be  suitable  for 
the  purpose  at  tengieratures  above  -20®F,  One  of  the  test  materials  evapo¬ 
rates  more  slowly  than  the  other  but  may  be  used  as  both  cleaning  and  rinse 
solvent.  While  the  second  material  evaporates  more  rapidly,  a  straight 
petroleiun  solvent  is  required  to  rinse  the  cleaning  solvent  from  the  treat¬ 
ed  surfaces.  Test  results  are  discussed  and  the  proposed  specification  re¬ 
quirements  for  the  recommended  degreaser  are  presented. 


V/ADC  TR  56-495  July  1957 

ASTI  A  Document  No,  AD  I3O888 


SUBJECT;  DEVELCPI-^PINT  OF  NQN-TQXIC  ORGANIC  SOLVEOTS  OR  SOLVENT 

SYSTEI-iS  FOR  GENERAL  CLEANING  APPLICATIONS 


INVESTIGATOR:  Kenneth  K,  Aoki 

Arthur  J,  LaRue 
Brock  G,  Peacock 


CONTRACT:  AF  33(6l6)-2775 

CONTRACTOR:  Wyandotte  Chemicals  Corporation 

ABSTRACT:  A  search  has  been  made  for  new  solvents  or  solvent  combi¬ 

nations  which  could  satisfactorily  replace  carbon  tetrachloride  in  general 
cleaning  applications.  Inhibited  methylchloroform  and  combinations  of 
nethylchlorofann  with  up  to  15  volume  percent  of  Freon  112  were  formulated. 
Freon  112  is  used  to  reduce  the  evaporation  rate  of  methyl  chloroform  which 
is  slightly  higher  than  that  of  carbon  tetrachloride.  Although  the  corro¬ 
sion  inhibition  properties  of  the  formulated  mixtures  cannot  be  considered 
satisfactory,  the  target  specifications  appear  to  have  been  met  in  respect 
to  minimum  flash  point,  decrease  in  flash  point  during  evaporation  and  tox¬ 
icity,  The  solvents  are  essentially  equal  to  or  better  than  carbon  tetra¬ 
chloride  in  respect  to  deleterious  action  on  various  electrical  insulators,, 
plastic  laminates,  and  organic  coatings.  The  recommended  solvents  can  be 
economically  produced  in  the  required  volume.  Although  the  present  limited 
production  of  Freon  112  and  its  consequent  high  cost  may  limit  the  propor- 
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tion  which  can  be  used  in  the  solvent  combination,  there  is  reason  to  antici¬ 
pate  materially  reduced  costs  under  volume  production*  Areas  in  which  con¬ 
tinuing  development  work  is  needed  are  the -further  refinement  and  proving  of 
several  possible  inhibitor  systems  for  optimum  results,  long  term  storage 
and  stability  tests  under  anticipated  storage  conditions,  practical  applica¬ 
tion  tests,  and  final  clearance  in  respect  to  toxicity  by  Air  Force  medical 
personnel* 


WADC  TR  57-187  March  1958 

ASTIA  Document  No*  AD  151073 

SUBJECT!  UM  TEMPERATURE  AIRCRAFT  SURFACE  CLEANERS 

INVESTIGATOR  I  Elias  Klnmel 

Bernard  Berkeley 
Daniel  Schoenholz 
CONTRACT:  AP  33(600 )-32244 

CONTRACTOR:  Foster  D*  Snell,  Inc* 

ABSTRACT:  Physical  and  ch«nical  characteristics  of  different  types 

of  soil  normally  encountered  on  aircraft  surfaces  were  studied*  Laboratory 
soil  removal  tests  were  developed  and  used  to  evaluate  all  in^jortant  class¬ 
es  of  organic  solvents*  Seventeen  different  amine  oleates  were  examined 
for  their  ability  to  form  dilute  water- in-naphtha  emulsions,  A  ccxnbination 
of  diethylamine  oleate  and  triethanolamine  oleate  allowed  the  incorporation 
of  1*5  parts  of  water  in  naphtha  and  naphtha- chlorinated  solvent  blends* 
Ehulsifier  systems  were  compounded  to  render  hydrocarbon  and  hydrocarbon- 
chlorinated  solvent  blends  readily  r insable  with  diluted  deicing  fluids* 
Field  tests  at  Loring  A,  F,  B,  and  Mitchel  A,  F*  B*  established  the  effi¬ 
cacy  of  water-containing  and  self-emulsifiable  cleaners.  Two  cleaners  con¬ 
forming  to  all  target  requirements  are  reconmended  for  removal  of  oily, 
and  traffic  film,  type  soils  from  aircraft  surfaces  at  temperatures  of  0® 
to  32®F.  One  cleaner  is  used  in  conjunction  with  a  naphtha  rinse;  the 
other  is  flushed  with  either  naphtha  or  a  glycol-alcohol-water  fluid.  Raw 
material  costs,  methods  of  preparation,  sources  of  supplies  and  ingredient 
specifications  are  reported  for  both  reccxnmended  cleaners. 


WADC  TR  57-193  March  I958 

ASTIA  Document  No,  AD  151022 

SUBJECT:  DEVELOFMEM’  OF  NON-CRESYUC  CARBON  REMOVERS 

INVESTIGATOR:  Rubin  Weiner 

J*  Walter  Carroll 
CONTRACT:  AF  33(600)31890 

CONTRACTOR;  Pennsalt  Chemicals  Corporation 

ABSTRACT:  The  usual  carbon  remover  formulations  now  in  use  contain 

chlorinated  hydrocarbons,  cresols,  and  wetting  agents*  As  such  they  pre¬ 
sent  a  serious  toxicity  and  waste  disposal  problem  and  are  therefore  unsuit¬ 
able  for  field  use  where  only  limited  facilities  are  available*  Major  Air 
Force  overhaul  depots  are  successfully  removing  engine  varnish  (polymerized 
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oils)  and  loosening  carbon  deposits  frcta  reciprocating  engine  parts  with 
this  material.  However  in  this  laboratory,  they  have  been  found  unsatis¬ 
factory  for  removing  carbon  deposits  from  either  jet  engine  or  recipro¬ 
cating  engine  parts. 

Two  formulations,  which  this  laboratory  developed,  appear 
to  be  much  more  effective  in  removing  carbon  deposits  than  the  present 
specification  compositions,  laboratory  tests  indicate  that  these  two  form¬ 
ulations  are  satisfactory  with  respect  to  corrosivity  and  toxicity,  present 
no  serious  waste  disposal  problems,  and  are  not  expensive  to  manufacture. 


WADC  TR  57-606  November  I957 

ASTIA  Document  No,  AD  142158 
OTS  Release 

SUBJECT :  ORGANIC  COMPOUNDS  OF  GALLIUM  -  A  SUM-IAHY 

OF  THE  LITERATURE 
INVESTIGATOR:  Andrew  J,  Rrank 

Richard  W,  Sullivan 
Virgil  W,  Lichtenberg 
CONTRACT:  AF  33(6l6)-2939 

CONTRACTOR:  Denver  Research  Institute 

ABSTRACT:  The  literature  concerning  organic  compounds  containing 

gallium  has  been  surveyed,  and  the  properties  of  all  organo-metallic 
and  organic  coordination  con5)ounds  of  gallium  are  summarized.  An  an¬ 
notated  bibliography  of  all  references  is  provided. 


COATINGS 


WADC  TR  53-511  Pt  II  June  I957 

ASTIA  Dbcument  No,  AD  I3078O 

SUBJECT:  DEVELOPMENT  OF  A  HEAT  RESISTANT  COATING  FOR 

PROTECTION  AGAINST  RAIN  EROSION 
INVESTIGATOR;  Frank  A,  Jeffries 

CONTRACT:  AF  33(616 )-2231 

CONTRACTOR:  The  Goodyear  Tire  and  Rubber  Ccmpany 

ABSTRACT:  High  speed  flight  through  rain  causes  damage  to  exposed 

parts  of  aircraft.  Neoprene  coatings  have  been  used  to  protect  parts 
against  this  damage. 

Skin  friction  due  to  the  high  speeds  of  aircraft  and  the 
practice  of  thermal  de-icing,  have  made  it  necessary  to  investigate  erosion 
resistant  coatings  which  will  withstand  temperatures  up  to  500*F, 
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All  available  elasttjmers  and  plastics  giving  premise  of  with¬ 
standing  such  temperatures  have  been  examined.  Of  these,  only  acrylic  ester 
rubbers.  Teflon,  and  silicone  rubbers  meet  the  temperature  requirement.  Teflon 
is  poor  in  erosion  resistance. 

The  silicone  and  acrylic  ester  rubbers,  although  they  do 
not  have  as  high  a  degree  of  erosion  resistance  as  Neoprene  in  the  present 
stage  of  development,  afford  a  fair  degree  of  protection  even  after  exposure 
to  500*'F,  Inconsistent  adhesion  has  prevented  the  ultimate  in  erosion  re¬ 
sistance  frem  being  realized, 

%palon  S-2  will  not  withstand  500®F,  but  does  afford  a 
fair  degree  of  erosion  resistance  where  ten5)eratures  remain  below  400®, 

Hera  again,  adhesion  is  a  problem, 

A  Goodyear  experimental  rubber  shows  promise  of  being  use¬ 
ful  as  a  primer  for  high  teniperature  coating  systems. 


WADC  TR  5$-80  September  I957 

JSJSTIA  Document  No.  AD  I3IO56 
OTS  Release 


SUBJECT:  RESISTANCE  OF  PROTECTIVE  COATINGS  TO  SYNTHETIC 

LUBRICATING  AND  HYIBAULIC  FLUIDS 


EOTliSTIGATQR  I  Robert  W.  Damm 

George  F,  Salathe 
William  A,  McIntyre 


CONTRACT:  AI33(6l6)-2919 

COTTRACTCR:  The  Sherwin-Williams  Company 

ABSTRACT;  This  report  consists  principally  of  a  detailed  evaluation 

of  the  resistance  of  56  coatings  oi’  coating  systems  to  five  synthetic  lubri¬ 
cating  and  hydraulic  fluids  in  conjunction  with  supplementary  tests  designed 
to  expose  these  coatings  to  the  maximum  limits  encountered  by  high  speed  air¬ 
craft  under  service  conditions.  Test  work  was  conducted  by  The  Sherwin- 
Williams  Con^any  in  the  Chicago  Lacquer  Laboratories*  Aircraft  Finishes  Group, 
Results  show  the  following  candidate  coatings  to  have  the  most  promise  in  re¬ 
sisting  maximum  detrimental  effects  of  synthetic  fluids  and  accon?>anying  en¬ 
vironmental  conditions; 


Skin  Coatings 

Candidate  Coating  No,  C-1  -  Andrew  a^own, 
Broiite  Synflex  A-136  Black  Enamel, 

Candidate  Coating  No,  C-6  -  Sherwin-Williams, 
Experimental  White  Syston, 

Candidate  Coating  No.  C-55  “  Sherwin-Williams, 
M49  W  04  Syston, 
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Candidate  Coating  No,  C-3I  -  Pratt  &  Lambert, 
lieat  Resistant  Aluminuin  Enamel  i(^897« 


WADC  TR  56-80  Sup  1  October  I957 

ASTIA  Document  No,  AD  I42030 
OTS  Release 

SUBJHTT:  DEVEIOBIENT  OF  PROTECTIVE  COATINGS  RESISTANT  TO 

SYNTHETIC  LUBRICATING  AND  HYIRAULIC  FLUIDS 
INVESTIGATOR:  Robert  W',  Etom 

George  F,  Salathe 
William  A,  McIntyre 
CQtJTRACT :  AF  33(  616  )-29 19 

CCOTRACTOR:  The  Sherwin-Williams  Can5)any 

ABSTRACT:  This  report  is  a  presentation  of  the  work  performed  in 

developing  both  aircraft  skin  and  engine  coatings  that  are  resistant  to 
the  detrimental  effects  of  synthetic  fluids  and  the  accoKg)anying  environ¬ 
mental  conditions  encountered  by  modern  high  speed  aircraft.  As  a  result 
of  this  work  the  contractor  evaluated  a  skin  coating  system  and  an  engine 
coating  and  developed  two  engine  coatings.  The  skin  coating  system  is  as 
follows:  Primer,  Sherwin-Williams  Modified  Wash  Primer,  P40  G  Cl}  Top¬ 
coat,  Sherv/infWilliams  White  Modified  Acrylic  Enamel,  M49  W  C5.  The  three 
engine  coatings  are:  Pratt  &  Lambert  Alinninum  Engine  Coating  #7897} 
Sherwin-Williams  Aluminum  Silicone  Jet  Engine  Coating,  M49  S  C2;  and 
Sherwin-Williams  Aluminum  Silicone  Jet  Engine  Coating,  M49  S  C3,  All 
these  Systems  are  capable  of  closely  approaching  complete  resistance  to 
the  severe  conditions  involved. 


WADC  TR  56-250  October  I956 

ASTIA  Document  No,  J^D  II04IO 

SUBJECT:  SUMMARY  OF  DEVELOPMENT  AND  EVALUATION  OF 

INSULATING  TYPE  REFRACTORY  COATINGS 
n^VESTIGATOR:  S,  Sklarew 

C,  A,  Hauck 
A,  V,  Levy 

CONTRACT:  AT  33(6l6)-2957 

CCNTRACTOR:  Marquardt  Aircraft  Ctsnpany 

ABSTRACT:  Initial  development  of  metal  reinforced  refractory  coat¬ 

ings  to  provide  thermal  insulation  to  aircraft  structural  members  operating 
in  the  ten5>erature  range  2000°  to  3000°F  is  reported.  Reinforced  refrac¬ 
tories  0,080  to  0,15-inch  thick,  providing  thermal  drops  of  5°  to  10°F  per" 
0,001  inch  of  thickness  have  been  successfully  tested  in  small  scale.  These 
reinforced  coatings  averaged  half  the  density  of  steel. 
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WADC  TR  56-338  Pt  I  January  I958 

ASTIA  Document  No*  AD  I423I7 
OTS  Release 

SUBJECT:  BIBLIOGRAPHY  OF  ICE  AND  FROST  CONTROL 

INVESTIGATOR:  Thomas  H,  McConica,  III 

CONTRACT :  AF  33 ( 616 )-3l56 

CONTRACTOR:  Arctic  Research  Inc* 

ABSTRACT;  This  report  reviews  all  unclassified  publications  relating 

to  the  control  of  ice  and  frost  which  could  be  obtained  by  this  laboratory 
during  the  period  July  1955  to  June  1956*  In  preparing  this  bibliography 
an  atteiqpt  was  made  to  exclude  publications  not  in  the  area  of  interest  in¬ 
dicated  by  the  title.  Otherwise  an  unwieldy  report  would  have  resulted* 
Where  abstracts  or  original  reports  could  be  reviewed  a  brief  suannary  of 
the  report  is  given.  In  addition,  when  known,  the  depository  and  call 
number  of  each  referenced  report  is  included.  Depositories  are  coded  as 
follows: 

AMAU  -  Air  University,  Maxwell  Air  Force  Base,  Ala, 

ASTIA-  Armed  Services  Technical  Information  Agency,  Dayton,  0, 
(Note:  All  "AD*  and  "ATI*  numbers  refer  to  ASTIA) 

DAL  -  Axtay  Library,  Washington,  D,  C, 

DLC  -  Library  of  Congress,  Washington,  D,  C, 

DWB  -  Weather  Bureau,  Washington,  D,  C, 

All  publications  have  been  classified  according  to  subject  matter  and  coded 
using  the  arrangement  given  on  page  v, 

A  review  of  the  patent  literature  is  included  in  Part  II  of  this 

report* 


WADC  TR  56-338  Pt  II  January  I958 

ASTIA  Document  No.  AD  I423I8 
OTS  Release 

SUBJECT;  BIBLIOGRAPHy  OF  ICE  AND  FROST  CONTROL 

INVBSTIGATCR:  Thomas  H,  McConica,  III 

CONTRACT:  AF  33(616 >-3156 

CONTRACTCRt  Arctic  Research  Inc, 

ABSTRACT:  This  report  constitutes  an  amotated  bibliography  of 

patents  relating  to  the  control  of  ice  and  frost  on  aircraft.  All  patents 
of  interest  in  the  U,  S,  Patent  Office  under  classification  list  No*  244# 
subclass  134,  up  until  July  195^,  are  included*  Additional  patents  have 
been  located  through  searching  Chemical  Abstracts,  other  bibliographies, 
etc*  All  patents  have  bean  classified  according  to  subject  matter  and  cod¬ 
ed  using  the  arrangement  given  on  page  v, 

A  review  of  unclassified  publications  is  included  in  Part  I 

of  this  report* 
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WADC  TR  57-158  Pt  I 
ASTIA  Document  No*  AD  I42033 
OTS  Release 


October  1957 


SUBJECT!  DEVELOBiENT  OF  WHITE  THSMALiy  REFLECTIVE 

RAIN  EROSION  RESISTANT  COATmCS 
George  K*  Vogelsang 
AF  33(6i6.)-3027 
Gates  Engineering  CoD^ary 

Radomes  and  other  coverings  for  housing  radar  antennae 
exposed  to  rain  during  high  speed  flight  require  maximum  protection  against 
rain  erosion.  This  study  is  for  the  development  of  improved  coatings  for 
exterior  plastic  components,  which  will  be  rain  erosion  resistant,  thermal¬ 
ly  reflective  and  have  satisfactory  weatherability* 


INVESTIGATOR j 
CONTRACT: 
CONTRACTOR I 
ABSTRACT: 


White  coatings  formilated  from  polyacrylic  rubber  or  Kel-F 
elastomer  yield  the  best  overall  diffuse  reflectances,  while  Neoprene  has 
the  best  resistance  to  rain  erosion* 


A  white  Neoprene  coating  system  has  been  developed  which 
satisfies  the  major  requirements  of  this  program* 

Studies  are  under  way  to  to^rove  the  above  coating  system 
and  to  render  it  anti-static* 


WADC  TR  57-158  Pt  II  Dacember  I957 

ASTIA  Document  No*  AD  I42185 


SUBJECT:  DEVELOEMENT  OF  WHITE  HEAT  RESISTANT  AND  WHITE 

ANTI-STATIC  RAIN  EROSION  RESISTANT  COATINGS 


INVESTIGATOR:  George  K*  Vogelsang 

CCWTRACT:  AF  33(616  )-3027 


CQNTRACTQR:  Gates  Engineering  Coo^any 

ABSTRACT:  Numerous  elastomeric  coatings  have  been  developed  and  tested 

for  retention  of  thermal  reflectance  and  resistance  to  rain  erosion  after  100 
hours  aging  at  400®F,  Although  Neoprene  affords  the  best  resistance  to  rain 
erosion,  it  has  limited  heat  resistance,  while  Kel-F  elastomer  is  the  exact 
opposite* 


A  method  has  been  developed  to  utilize  ionically  conductive 
white  coatings  in  conjunction  with  electron  conductive  coatings  for  the  de¬ 
velopment  of  %Aiite  anti-static  rain  erosion  resistant  coatings*  Preliminary 
results  have  been  veiy  encouraging,  but  considerable  additional  work  is  re¬ 
quired  before  white  anti-static  coating  systems  are  developed  to  a  point 
where  they  will  consistently  conform  to  the  requirements  set  forth  in  Speci¬ 
fication  MIL-C-7i|.39B, 
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WADC  TR  57»158  Pt  III 
ASTIA  Document  No,  AD  142286 


January  I958 


SUBJECT  J  DEVELQPMEKT  OF  WHITE  HEAT  RESISTANT  AND  WHITE  ANTI¬ 

STATIC  RAIN  EROSION  RESISTANT  COATINGS 
George  K,  Vogelsang 
AF  33(616 )-3027 
Gates  Engineering  Company 

Improved  white  rain  erosion  resistant  coatings  were  obtained 
by  simultaneously  using  combinations  of  Neoprenes,  titanium  dioxides,  the 
inclusion  of  moderate  quantities  of  acid  acceptors  and  stabilizers,  and  the 
use  of  extra  quantities  of  antioxidants.  White  Neoprene  rain  erosion  resis¬ 
tant  coatings  can  be  firmly  bonded  to  polyester  or  epoxy  glass  fiber  laminates 
using  Primers  Gaco  KV-6006-N  or  KV-8510-E, 


INVESTIGATOR t 
CONTRACT j 
CONTRACTCRi 
ABSTRACT: 


Improved  electron  conductive  coatings  for  use  in  the  "Series- 
Discharge"  Anti-Static  Coating  System  wore  prepared  by  blending  white  Neo¬ 
prene  non-conduct ive  coating  solutions  with  Neoprene  conductive  coatings, 
utilizing  Vulcan  XC-72,  conductive  carbon  black.  Several  new  white  ionical- 
ly  conductive  coatings  were  developed, 

A  number  of  "Series- Discharge"  Anti-Static  Coating  Systems 
were  found  to  possess  and  retain  conductivities  in  the  order  of  0,5  and  15 
megohms  per  square  when  measured  after  various  conditions.  Also,  one 
hundred  forty-five  coating  systems  were  found  to  possess  and  retain  conduc¬ 
tivities  in  the  range  of  10  to  100  megohms  per  square,  when  measured  after 
similar  conditions.  The  diffuse  reflectances  of  these  coatings  are  general¬ 
ly  better  than  those  of  non-conductive  white  coatings,  and  their  resistance 
to  discoloration  is  substantially  Improved, 


WADC  TR  57-185  September  I957 

ASTIA  Document  No.  AD  I3IO54 
CTS  Release 

SUBJECT:  CCNDUCTIVITY  TESTING  OF  ZINC  DUST  PIGMENTED  COATINGS 

INVESTIGATOR:  Lt,  D,  S,  Nantz 

ABSTRACT:  Zinc  rich  coatings  have  been  in  use  for  over  100  years  as 

a  protective  pi^nent  for  steel.  Since  the  effectiveness  of  these  coatings 
are  dependent  upon  the  electrical  conductivity  from  zinc  particle  to  zinc 
particle  and  from  zinc  particle  to  the  steel  surface,  it  is  Ijnportant  to 
have  a  good  conductivity  measurement  test  to  determine  the  protective  prop¬ 
erties  of  any  zinc  rich  coating  system. 

Several  procedixres  were  tried  before  a  good  conductivity 
teat  was  developed.  These  conductivity  tests  can  be  then  used  as  a  scien¬ 
tific  basis  for  foniJulation  of  zinc  rich  coatings  which  will  provide  good 
galvanic  protection  to  steel. 
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It  was  concluded  that  the  conductivity  test  developed  can 
be  used  to  determine  optimum  zinc  concentration,  film  thickness,  and  drying 
time  for  any  given  vehicle  pigmented  with  zinc, 

WADC  TR  57-186  November  I957 

ASTIA  Document  No,  AD  142143 
OTS  Release 

SUBJEX3T:  THE  EFFECTS  OF  NUCLEAR  RADIATION  ON  MIUTARY 

SPECIFICATION  PAINTS 
INVESTIGATOR:  l/Lt,  Lloyd  A,  Horrocks 

ABSTRACT:  This  report  is  an  evaluation  of  the  effects  of  gamma  radia¬ 

tion  and  heat  on  several  available  types  of  specification  and  non-specifica¬ 
tion  paints.  Reflectance,  adhesion,  abrasion,  humidity,  and  film  condition 
data  are  presented  on  the  effects  of  gamma  radiation  and  heat  on  silicone- 
alkyd,  fluorocarbon,  alkyd,  nitrocellulose,  phenolic,  and  epoxy  resin-based 
paints,  Silicone-alkyd,  alkyd,  and  phenolic  resin-based  paints  appear  to 
be  satisfactory  for  use  after  expostire  to  1  x  10^  roentgens. 


WADC  TR  57-195  November  1957 

ASTI  A  Document  No,  AD  I42I46 
OTS  Release 

SUBJECT;  TEST  I'lETHODS  FOR  MAOJESIUI'5  SURFACE  TREATMENTS 

INVESTIGATOR:  Frank  W.  Pfohl 

Howard  T,  Francis 
CCKTRACT:  AF  33(6l6)-2855 

CCX^TRACTGR:  Armour  Research  Foundation 

ABSTRACT:  A  study  was  made  of  test  methods  whereby  the  quality  of 

magnesium  siirface  treatments  could  be  determined.  Methods  idiich  measured 
the  corrosion- inhibiting  power  of  the  coating  were  found  unsatisfactory, 

A  method  based  on  measurement  of  paint  adherence  after  exposure  to  a  cor¬ 
rosive  environment,  however,  was  found  quite  promising.  The  latter  ap¬ 
proach  evolved  the  ■Gauze-Peel  Test",  in  which  a  gauze  strip  is  embedded 
in  the  organic  coating.  After  exposure  to  accelerated  corrosion,  the  gauze 
is  peeled  ftaa.  the  surface.  Both  quantitative  (peel  strength)  and  qualita¬ 
tive  (visual  examination  of  the  stripped  area)  evaluations  are  easily  made. 
An  iuqportant  observation  made  during  preparation  of  esqperimental  specimens 
was  that  contact  between  magnesium  and  steel  during  Dow  7  treatment  leads 
to  rapidly  deteriorating  painted  surfaces. 
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VADC  TR  57-296 

ASIIA  Document  No,  I50985 

OTS  Release 


February  1958 


SOBJECTT: 

INVESTIGATOR: 
CONTRACT t 
CfflWRACTQRj 
ABSTRACT: 


MARKING  MATERIALS  FCR  RUBBER,  PLASTIC  FIIMS  AND 

COATED  FABRICS 

Harry  N,  Vosmer 

AF  33(6i6)-3624 

National  Cash  Register  Coo^any 

A  standard  procedure  fcr  marking  ink  evaluation  was  develop¬ 


ed  based  on  the  target  properties  of  the  contract  and  the  laboratory  tech¬ 
niques  established  by  the  contractor* 


Six  inks  from  conmercial  sources  were  found  to  be  acceptable 
for  use  as  marking  inks  on  the  majority  of  the  coated  fabrics  and  plastic 
films. 


Four  inks  developed  in  the  laboratories  of  NCR  proved  to 
be  acceptable.  Two  of  these  are  based  on  acrylic  resins,  and  two  on  a  poly¬ 
vinyl  butyral  resin  system. 

None  of  the  ten  inks  recommended  are  entirely  satisfactory 
for  use  on  polyethylene  or  Cotton- vinyl  coated.  Type  II,  Class  C,  Specifica¬ 
tion  MII^F-4143»  since  they  fail  the  adhesion  and  iianersion  tests. 

Titanium  adhesion  promoters  were  investigated  but  were 
found  to  contribute  little  toward  the  io^jrovement  of  adhesion  on  the  plastic 
films  and  coated  fabrics. 

Work  with  treated  polyethylene  indicated  a  sli^t  increase 
of  adhesion  over  the  untreated  material.  Printing  on  polyethylen  still  re¬ 
mains  a  serious  problem,  since  the  inks  developed  and  evaluated  in  this  re¬ 
port  have  not  proved  satisfactory  on  this  material. 


WADC  TR  57-317  September  1957 

ASTIA  Document  No,  AD  I31070 


SUBJECT: 

INVE5TIGATCR: 


CCNTRACT; 


THE  DEVELOBffiNT  OF  TESTING  HROCEDURES  AND  THE  EVALUATION 
OF  COATINGS  FCR  TANTALUM,  GRAPHITE,  NICKEL  AND  COPPER 
W,  A,  Spraker  J,  L,  Harp 

A.  £,  Weller  F,  L,  Bagby 

R,  £,  Hess 
AF  33(6i6)-3227 


CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT  *  Recent  developments  in  the  field  of  aeronautics  have 

focused  attention  on  the  behavior  of  materials  under  conditions  of  high 
heat  flux  and  high  temperature,  A  number  of  materials,  whose  pl^sical 
properties  are  of  interest,  must  be  protected  frcm  erosion  and  oxidation 
when  exposed  to  a  flow  of  high  temperature  air.  The  resistance  of  these 
materials  and  their  coatings  to  thermal  shock  is  also  important. 
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This  report  sunmarizes  the  results  of  the  first  year  of 
a  program  to  evaluate  the  resistance  of  a  number  of  coatings  for*  copper, 
nickel,  tantalum,  and  graphite  to  erosion,  oxidation,  and  thermal  shock 
under  high  teo5)erature  service  conditions.  Specimens  were  tested  in  the 
throat  of  a  hydrogen-oxygen  rocket  motor  which  could  produce  a  maximum 
heat  flux  of  approximately  30OO  Btu/sec  sq  ft,  and  a  maximum  temperature 
of  approximately  55C'0F, 

The  results  of  the  research  program  indicate  that  several 
coatings  have  properties  of  promise.  These  coatings  include  Rokide  A, 
chromium,  and  chromium-nickel  coatings  for  copper;  Rokide  A  and  chromium 
coatings  for  nickel;  and  a  Rokide  C  coating  for  graphite.  In  general, 
flame  sprayed  and  electrodeposited  types  of  coatings  appeared  to  be  the 
most  successful.  None  of  the  coatings  for  tantalum  that  were  tested  were 
successful.  The  failure  of  coatings  on  tantaliim  appears  to  be  the  result 
of  oxidation  of  the  tantalum  through  the  coatings;  a  successful  tantalum 
coating,  if  developed,  should  have  a  low  porosity.  Tests  of  coatings 
applied  by  vapor  deposition  indicated  that  these  coatings  have  relatively 
poor  adhesion  and  are  subject  to  erosion. 


WADC  TR  57-342  October  I957 

ASTI A  Document  No,  AD  I4208O 
OTS  Release 

SUBJECTT:  EFFECTIVE  THICKNESS  OF  CHRCMIUM  PLATE  ON  THE 

SENSITIVITY  OF  MAGNETIC  PARTICLE  INSPECTION 
INVESTIQATOR;  W,  Steindorf 

B,  Cohen 

ABSTRACT:  A  survey  was  conducted  on  small  cracked  rods  to  determine 

the  size  crack  triiich  can  be  detected  by  magnetic  particle  inspection. 
Chromium  plating  2,2,  4,4,  and  6,6  mils  thick  were  successively  plated  to 
these  rods  and  the  rods  were  examined  after  each  plating,  Scotch  tape 
transfers  were  taken  and  studied  in  conjimction  with  the  subsequently 
measured  cracks.  The  simmation  of  results  indicate  that  4*5  mils  is  a 
practical  limitation  of  the  effective  depth  of  chromium  plate  for  magnetic 
particel  inspection  of  the  plated  body. 


WADC  TR  57-435  October  1957 

ASTJA  Document  No,  AD  142025 

SUBJECT:  STUDr  AND  DESIGN  OF  aJPEBSCNIC  ROTATING  AM  RAIN 

IROSICN  TEST  APPARATUS 
INVESTIGATOR:  John  L.  Beal 

Norman  E,  Wahl 
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CONTRACT  j  AF  33( 6l6 )-3267 

CONTRACTOR;  Cornell  Aeronautical  Laboratory,  Inc# 

ABSTRACTS  The  feasibility  of  building  a  2500  mile  per  hour  rotating 

axm,  rain  erosion,  test  apparatus  based  upon  seonomio  aspects  and  engineer¬ 
ing  problems  was  InTestigated#  It  was  found  that  such  a  rain  erosion  test 
facility  was  practicable  and  one  was  designed  which  consisted  of  a  large, 
refrigerated  chamber  eracuated  to  0#01  atmosphere  pressure  in  vftiich  the 
test  blade,  5^  feet  in  diameter,  would  rotate# 

The  problems  and  calculations  leading  to  the  design,  as 
well  as  the  cost  of  the  equipment  of  a  rotating  arm  test  apparatus  for 
three  speeds  (i#e#  2200,  2270  and  2300  mph)  are  reviewed# 


WADC  TR  57-752  March  I958 

ASTI  A  Document  No#  AD  I5IOI2 

SUBJECT;  THE  INVESTIGATION  OF  THERMOSTABILITY  OF  INHIBITIVE 

PIGMENTS 

INVESTIGATOR;  Edward  R#  Allen 

Harold  V#  Lindstrom 
CONTRACT:  AF  33(6l6)-5290 

CWTRACTCR;  Rutgers,  The  State  University 

ABSTRACT:  This  report  is  the  result  of  h  three  months  study  of  the 

heat  stability  of  some  corrosion  inhibiting  alkaline  earth  chrc»aates# 
Certain  chromates  were  collected,  analyzed  and  compared  as  to  behavior 
upon  heating#  As  indicated  in  the  literature,  the  presence  of  certain  im¬ 
purities,  such  as  calcium  oxide,  tends  to  foster  decomposition  at  high 
temperatures#  The  result  is  that  the  yellow  chromate  form  is  changed  in 
part  to  a  green  chromic  form  with  the  loss  of  oxygen. 

The  behavior  of  a  highly  purified  form  of  zinc  phosphate 
was  studied  for  its  possible  application  as  a  corrosion  inhibiting  pigment* 


WADC  TR  58-4  February  I958 

ASTIA  Document  No,  AD  14^30 


SUBJECT:  IfflVELOIMENT  AND  FABRICATION  OF  RAINFALL  SIMULATION 

EQUIPMENT  FOR  SUPERSOJIC  WHIRLING  ARM  TEST  APPARATUS 
INVESTIGATOR:  Roy  R#  Lapp 

Norman  E#  Wahl 


CONTRACT:  AF  33(6l6)-53l6 

CONTRACTOR;  Cornell  Aeronautical  Laboratory,  Inc# 

ABSTRACT:  The  development  and  method  of  calibration  of  spray  nozzles 

for  rainfall  simulator,  operating  in  a  vertical  plane,  are  reviewed#  The 
design  of  the  spray  ring  and  its  fabrication  are  described# 
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WADC  TR  58-11 

ASTIA  Document  No,  AD  150970 
OTS  Release 


February  1958 


SUBJECT;  ERjSPARATION  OF  PROTECTIVE  COATINGS  BY 

ELECTROPHORETIC  METHODS 


INVESTIGATOR:  Allen  C.  Werner 

Robert  J,  Abelson 


CCWTRACTj  AF  33(6i6)-5002 

COWTRACTCR:  Vitro  Laboratories 

ABSTRACT;  An  investigation  was  conducted  of  the  preparation  of  oxida¬ 

tion-resistant  coatings  for  molybdenum  by  electrophoretic  methods#  Multi¬ 
layer  coatings  of  80%  nickel  -  20%  chromium  and  nickel-bonded  columblum  and 
titanium  carbide  provided  good  oxidation  resistance  and  good  erosion  resis¬ 
tance#  The  ballistic  impact  resistance  requirenisnt  was  fulfilled  by  inclu¬ 
sion  of  a  505?  dense,  80%  nickel  -  20%  chrcmiiua  layer#  The  effects  of  sin¬ 
tering  and  coating  thickness  on  resistance  to  thermal  shock  were  noted, 
Atten^ts  to  incorporate  an  intergranular  diffusion  barrier  all^w  layer  for 
oxidation  resistance  at  2000°F  proved  unsuccessful,  although  a  gold-chromium 
diffusion  barrier  layer  proved  resistant  at  l800®r.  The  coating  technique 
has  been  refined  to  permit  application  of  a  single  layer  in  one  operation 
instead  of  two# 


CORROSION 


WADC  TN  55-212  Sup  2  September  1957 

ASTIA  Document  No#  AD  I3IOI7 

SUBJECT  J  RESISTANCE  OF  ORGANIC  FINISHES  TO  RXKET  BLAST 

INVESTIGATOR;  Sara  S,  Collis 

ABSTRACT:  Forty-seven  teat  panels  with  various  organic  and  inorganic 

coating  systems  were  exposed  to  an  in^inglng  blast  ftrom  free  fired,  T-21/j. 
Rockets#  None  of  the  coating  systems  offered  complete  protection  for  the 
metal#  The  systems  offering  the  best  protective  properties  were  EC  843 
(Minnesota  Mining  and  Manufacturing  CoEqpany)  applied  over  zinc  chrcanate 
primer  or  over  wash  primer-zinc  chromate  primer#  Ceramic  coatings  or  dry¬ 
ing  oil  enamels  and  varnishes  applied  over  zinc  chromate  primer,  were 
found  to  rank  second  in  protective  properties#  The  other  coating  systems, 
which  were,  in  most  eases,  applied  without  a  corrosion  inhibiting  jirimer, 
provided  only  fair  protection# 
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VADC  TR  56-380 

ASTIA  Docunent  No*  AB  130820 

OTS  Release 


June  1957 


SUBJECT:  INVESTIGATION  OF  THE  APPLICABILITY  OF  HIGH  SREQjUBNCY 

SOUND  WAVES  (ULTRASONICS)  FOR  CLEANING  OF  PRECISICN 
PARTS 


INTESTIGATOR;  Oskar  E.  Mattiat 

Pasciial  P,  Zapponi 
CONTRACT;  AF  33(6l6)-3011 

CONTRACTOR:  Clevite  Research  Center 

ABSTRACT:  Grease  and  preservative  compounds  on  bearings  are  easily 

removed  by  several  methods*  The  important  soils,  AN-C-124  preservative 
compound  and  MII^(i-3278  grease  are  removed  by  a  thorough  spray  treatment 
with  Stoddard  solvent  or  an  ultrasonic  treatment  under  various  conditions 
using  tirichloroethylene  as  the  coupling  liquid* 


The  effect  of  the  ultrasonic  factors,  frequency,  intensity, 
pulse  power,  coupling  fluid  and  container  for  holding  the  parts,  upon  the 
rate  of  removal  of  field  and  synthetic  soils  from  complex  parts  with  small 
openings  is  determined*  Two  new  methods  of  study  are  developed  for  evalu¬ 
ating  available  ultrasonic  systems  and  factors,  namely,  the  steel-removal 
and  probe  methods* 


Results  obtained  with  these  methods  show  that  accessible 
soils  of  all  kinds  are  easily  removed  by  any  of  the  ultrasonic  systems 
studied;  however,  inaccessible  soils,  such  as  steel  particles  in  bearings 
and  grease  soils  in  blind  holes  require  high  sonic  intensities  and  a 
coupling  fluid  with  optimum  cavitating  and  solubility  or  dlspersability 
properties  for  the  particular  soil* 

Low  frequency  systems  appear  to  be  more  effective  than 
high  frequency  systems  for  removing  most  types  of  soils  investigated. 
However,  inability  to  control  intensity  at  the  point  of  cleaning  for  the 
high  frequency  systems  make  this  evaluation  uncertain* 

The  use  of  pulsed  power  does  not  improve  the  removal 
rates  of  the  soils  studied* 

With  the  possible  exception  of  an  aqueous  solution  for 
the  removal  of  steel  particles  frcxn  bearings,  trichloroethylene  is  the 
most  effective  coupling  fluid  tested  for  the  various  soils* 

Data  submitted  also  show  that  while  a  coarse  mesh 
basket  for  containing  parts  is  not  detrimental  to  soil  removal  at  low 
frequencies  it  is  at  high  frequencies. 

It  is  shown  by  erosion  measiurements  on  bearings  that  the 
adverse  effect  of  ultrasonic  treatment  on  the  starting  torque  is  caused 
by  cavitation  erosion;  however,  the  amount  of  erosion  is  so  small  that  it 
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nay  be  neglected  for  the  short  cleaning  time  nonmlly  required, 

Reconiaendations  are  made  for  the  cleaning  of  bearings  and 
other  precision  parts  contaminated  with  all  of  the  various  soils  submitted 
by  the  contracting  agency. 


WADC  TR  57-302  April  I958 

ASTIA  Document  No,  AD  I5III6 


SUBJECT;  INVESTIGATION  OF  CORROSION  INHIBITORS  FOR  FUMING 

NITRIC  ACID 


INVESTIGATOR;  William  H.  Bergdorf 
Edvard  J,  Kinsey,  Jr. 


CONTRACT;  AF  33(6l6)-3056 

C(2iITRACT0R ;  Bell  Aircraft  Coip)oration 

ABSTRACT;  The  major  effort  of  this  investigation  was  to  develop  a 

corrosion  inhibitor  for  fUming  nitric  acid  that  has  corrosion-inhibiting 
and  scale  and  sludge-formation  properties  superior  to  those  of  hydrofluoric 
acid,  Anmonium  hexafluorophosphate  in  amount  equivalent  to  O.30JS  by  weight 
hydrofluoric  acid  was  found  to  provide  better  inhibition  to  the  corrosion 
of  61S-T6  aliuuinum  alloy,  and  17-7FH  and  AISI  Type  3041*  stainless  steels 
than  0.70%  by  weight  hydrofluoric  acid  under  the  test  conditions.  Optimum 
inhibitor  concentrations  for  lypes  I  and  III  specification  acids,  and  in¬ 
hibitor  depletion  rates  for  eight  inhibitors  including  hydrofluoric  acid 
were  determined.  Effects  of  inhibitor  up  to  five  times  optimum  inhibitor 
concentration  of  each  of  the  several  Inhibitors  were  measured  in  terms  of 
slush  or  freezing  point  of  inhibited  acid  media  which  had  been  subjected 
to  wide  variation  in  temperature  and  short  time  storage  conditions.  Measure¬ 
ments  of  the  mechanical  properties  of  welded  specimens  of  the  aluminum  and 
stainless  steel  alloys  that  had  been  immersed  in  the  liquid  and  vapor  phases 
of  eight  inhibited  acid  systems  for  thirty  days  at  120°F  showed  that  no 
significant  change  in  properties  was  effected  by  these  exposure  conditions, 
Film-fonmtion  studies  were  conducted  on  alumintua  and  stainless  steel  spec¬ 
imens  that  had  been  exposed  to  the  liquid  and  vapor  phases  of  the  several 
inhibited  systems  and  subsequently  rinsed  in  water  and  methylene  chloride. 
Both  rinses  removed  the  inhibited  acids  from  the  specimens  but  methylene 
chloride  failed  to  remove  corrosion  products. 


Hydrofluoric  acid  phosphoric  acid  plus  hydrofluoric  acid, 
and  ammonium  hexafluorophosphate  at  optimum  concentrations  dissolved  in 
specification  Types  I  and  III  acid  media  were  tested  in  vessels  fabricated 
from  the  aluminiun  and  stainless  steel  alloys  for  a  period  of  60  days  at  70°, 
120°,  and  16o°F,  Ammonium  hexafluorophosphate  produced  the  greatest  pres¬ 
sures  during  the  test  period.  This  inhibitor,  however,  suffered  the  smallest 
loss  in  concentration  and  in  general  provided  the  best  inhibition. 
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WADC  TR  57-540 

A3TIA  Document  No#  AD  142263 

OTS  Release 


December  1957 


SUBJECT :  THE  DESIGN  AND  COI^TRUCTION  OF  A  SPECIAL  TEST 

FIXTURE  FCe  THE  STATIC  SVALUATim  OF  THE  CORROSIVE 

EFFECTS  OF  BORON  CKIDE  AT  HIGH  TEI'IPmATURES 
INVESTIGATOR:  Charles  R,  Andrews 

CONTRACT:  AF  33(616 )-3737 

CONTRACTOR;  University  of  D^ton  Research  Center 

ABSTRACT:  The  design  and  construction  of  a  specialized  high-tempera¬ 

ture  corrosion  test  fixtui'e  is  described  herein#  Tlie  fixture  is  arranged 
to  provide  for  the  long-time  exposure  of  text  materials  to  static  environ¬ 
ments  consisting  of  cyclic  immersion  in  molten  boron  oxide  (B2O3)  at 
temperatiu'es  up  to  3000'’F  under  closely  controlled  conditions#  Features  of 
the  test  fixture  include  an  extensive  electrical  heating  control  system 
and  an  automatic  specimen  cycling  mechanism#  The  fixture  can  be  operated 
on  a  continuous  basis  with  a  minimum  of  attention, 

A  description  of  the  operating  characteristics  of  the 
fixture  and  details  of  operating  procedures  are  included  in  this  report.  A 
list  of  engineering  drawings  pertaining  to  the  test  fixture,  as  well  as  an 
outline  of  maintenance  procedures  to  be  followed,  are  contained  in  appendices 

WADC  TR  57-662  May  I558 

ASTIA  Document  No#  AD  155516 
OTS  Release 

SUBJFiCT:  TiCEN  I-IETAL  FIDIS  AS  CCSRR05I0N  INDICATCRS 

INVESTIGATOR:  Richard  B#  Belser 

Frank  E#  Hankinson 
CONTPUiCT:  AF  33(6l6)-3879 

CONTRACTOR:  Georgia  Institute  of  Teclmology 

ABSTRACT:  In  order  to  investigate  the  feasibility  of  using  thin  metal 

films  deposited  on  glass  or  plastic  substrates  as  integrating  indicators  of 
corrosive  conditions,  the  corrosion  rates  of  films  of  nine  metals  exposed  to 
air  atmospheres  of  controlled  temperature  and  hiunidity  have  been  studied# 

Of  the  metals  ii'on,  manganese,  copper,  nickel,  cobalt,  strontium,  calciima, 
magnesivim  and  zinc,  only  films  of  iron  and  manganese  proved  worthy  of  more 
than  a  preliminary  survey,  A  more  intensive  study  of  the  corrosion  proper¬ 
ties  and  rates  of  iron  and  manganese  films  and  of  the  bimetal  pairs  iron 
and  copper  and  iron  end  gold  was  undertaken# 

This  investigation  disclosed  the  important  role  in  metal 
film  corrosion  of  the  absorbed  gas  layer  normally  present  on  glass  substrates 
This  layer  furnished  the  oxygen  necessary  for  small  particles  of  tte  oxides 
of  iron  to  form  at  random  sites  in  the  film#  These  subsequently  became  ele¬ 
ments  of  electrolytic  cells  in  which  the  iron  film  acted  as  the  anode  in 
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the  presence  of  air  at  25°C  and  70  percent  relative  humidity*  Destructive 
oxidation  of  the  film  thereafter  proceeded  by  electrochemical  processes. 

Rates  of  corrosion  for  iron  films  were  controllable  to  a 
degree  by  removal  of  the  absorbed  gas  layer  by  pre-deposition  heating  of  the 
substrate  to  400®C  or  by  more  complete  combination  of  the  absorbed  layer 
with  the  metal  of  the  film  induced  by  post-deposition  heating  of  the  film. 
The  former  method  reduced  corrosion  rates  because  of  the  removal  of  the 
oxygen  supply  for  the  formation  of  oxide  nuclei,  and  the  latter  method  in¬ 
creased  the  corrosion  rate  because  of  the  greater  number  of  oxide  nuclei 
formed. 


Control  of  the  corrosion  rates  of  iron  films  under  specific 
conditions  of  temperature  and  humidity  appears  feasible  by  control  of  the 
absorbed  gas  layer  and  by  introduction  of  cathodic  particles  either  in  the 
form  of  oxides  or  in  the  form  of  small  volumes  of  a  more  electrically  posi¬ 
tive  metal  deposited  at  selected  sites. 


CREEP 


WADC  TR  37-96  April  I958 

ASTIA  Document  No,  I5III4 
OTS  Release 


SUBJECT: 

INVESTIQATCR: 


CCNTRACT; 


A  SUT-FJJIY  OF  COMPRSSSIVE-CREEP  CHARACTERISTIC 
OF  I'iETAL  COLUI-IKS  AT  ELEVATED  TEt'IPBRATURSS 
R,  L,  Carlson 
G,  K,  I^Ianning 
AF  33(6i6)-3317 


CaNTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT:  A  summary  of  an  extensive  study  of  the  creep  buckling  of 

metal  columns  is  presented.  The  column  behavior  prior  to  collapse  is  desrib- 
ed  and  the  column  action  at  the  time  of  buckling  is  interpreted  in  terms  of 
stability. 


Solutions  to  creep  buckling  are  discussed.  It  is  concluded 
that  in  spite  of  certain  limitations,  Shanley's  tiiue-dependent  tangent-modu¬ 
lus  method  has  several  practical  advantages  over  available  analytical  solu¬ 
tions. 


An  application  of  the  time- dependent  tangent-modulus  method 
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to  four  structural  metals  indicates  that  estimates  are  consistently  conserva¬ 
tive  for  small  values  of  column  in^jer  feet  ion,  Ijig)erfection  variations  were 
generally  observed  to  have  a  very  marked  effect  on  the  column  lifetime. 

The  possible  existence  of  a  lower  column- load  limit  below 
which  time-dependent  collapse  will  not  occur  is  discussed.  From  a  rational 
consideration  of  known  creep  behavior  it  is  concluded  that  there  may  be  a 
temperature  below  which  finite  lower  limits  exist  and  above  which  the  lower 
limit  is  aero. 
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SUBJECT:  ANALYSIS  OF  DYNAMIC  CSEEP  CONSIDERING  STRAIN 

RATE  EFFECTS 

INVESTIGATOR:  F,  H.  Vitovec 

CONTRACT:  AF  33(616 )-2803 

CONTRACTOR:  University  of  Minnesota 

ABSTRACT:  The  dynamic  creep  behavior  of  a  number  of  materials  is 

discussed  and  classified.  The  creep  properties  under  simultaneous  action 
of  static  stress  and  alternating  stress  have  been  derived  by  several  authors 
frem  the  creep  rate-stress  relationship  under  static  load.  The  use  of  this 
so  derived  stress  range  diagram  for  creep  as  a  basis  for  determination  of 
acceleration  or  retardation  of  dynamic  creep  is  emphasized.  Retardation  of 
creep  is  attributed  to  aging  effects,  and  to  strain  rate  effects  caused  by 
alternating  stress  frequency.  Acceleration  of  creep  is  attributed  to  metal¬ 
lurgical  changes,  and  overten^ierature  at  very  high  frequencies.  Special  con¬ 
sideration  is  given  to  the  effect  of  superposition  of  strain  rate  and  creep 
rate.  The  theoretical  analysis  of  the  strain  rate  effects  in  dynamic  creep, 
presented  here,  conform  with  the  experimental  observation  that  retardation 
of  creep  increases  with  increasing  temperature,  and  with  increasing  alter¬ 
nating  stress  frequency  if  metallurgical  effects  are  negligible. 
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EFFECT  OF  PRIOR  CREEP  ON  MECHANICAL  PROPERTIES 
OF  AIRCRAFT  STRUCTURAL  METALS 

(2024-T86  Aluminum  and  17-7  Stainless) 
Jereroy  V,  Gluck 
Howard  R,  Voorhees 
Jfimes  W,  Freeman 
AF  33(6i6)-3368 
The  University  of  Michigan 
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ABtiTRACT:  Tests  have  been  performed  on  two  typical  aircraft  struct¬ 

ural  sheet  alloys  in  an  investigation  to  study  changes  in  mechanical  proper¬ 
ties  brought  about  by  prior  exposure  to  elevated -tenperature  creep  conditions. 
Specimens  of  2024-T8b  al'.jininura  alloy  and  (TH  1050)precipitation  harden¬ 

ing  stainless  steel  were  expo-sad  for  times  of  10,  50,  and  100  hours  at  stres 
es  giving  up  to  3^  total  deformation,  using  temperatures  of  from  350®  to  500 
for  the  2024-T86  and  600°  to  900°F  for  the  17-7PH. 

Following  the  exposures,  short-time  tensile,  ccaipreseion, 
or  tension- impact  tests  were  run  at  either  room  temperature,  the  temperature 
of  exposure,  or  both.  The  results  indicate  that  the  short-time  strength  of 
structural  materials  may  be  either  raised  or  lowered.  The  changes  in  pro¬ 
perties  may  approach  as  much  as  50  percent  of  the  original  value.  The  di¬ 
rection  of  the  change  depends  on  the  material,  test  temperature,  creep  ex¬ 
posure  conditions,  and  property  being  measured. 

From  the  standpoint  of  the  structures  designer  the  most 
important  changes  found  to  date  are  a  large  drop  in  strength  for  2024-T86 
after  prior  creep  exposure  for  times  of  from  10  to  100  hours  and  an  apparent 
decline  in  the  room  temperature  ductility  of  17-7PH  (TH  I050  condition) 
after  prior  creep  exposure  for  100  hours  at  temperatures  near  600®F, 
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CONTRACTOR: 

ABSTRACT: 

elevated-temperature  creep  conditions  on  subsequent  mechanical  properties  of 
aircraft  structural  metals.  The  present  report  considers  a  precipitation 
hardening  stainless  steel,  17-7PH  (TH  I050  condition).  Exposures  were  con¬ 
ducted  for  times  of  10,  50*  or  100  hours  either  unstressed  or  at  stresses 
giving  up  to  3“P®rcent  total  deformation  at  temperatures  between  600®  and 
900®F. 


EFFECT  OF  PRIOR  CREEP  ON  MECHANICAL  PR0PERTIE5 

OF  AIRCRAFT  STRUCTURAL  METALS 

Part  II  -  I7-7PH  Alloy  (TH  I050  Condition) 

Jeremy  Y,  Gluck 
Howard  R,  Voorhees 
James  W,  Freeman 

AF  33(616)3368 

The  University  of  Michigan 

A  study  was  carried  out  of  the  effect  of  exposure  to 


Following  the  exposures,  short-time  tensile,  compression, 
or  tens ion- impact  tests  were  run  at  either  rocai  temperature  or  the  tempera¬ 
ture  of  exposure.  The  principal  effects  found  v/ere  a  loss  in  ductility  in 
tensile  tests  and  a  substantial  loss  in  compres3i9n  yield  strength  after  ex¬ 
posure  to  creep  at  600®F,  In  general,  remarkably  little  change  in  the  other 
mechanical  properties  was  found  as  a  result  of  exposure  to  creep,  with  any 
such  changes  primarily  confined  to  increases  in  strength. 
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SUBJECT:  DESCRIFTI0N5  OF  SOME  CURRENT  METHODS  FOR  DETERMINING 

CREEP  PROPERTIES  UNDER  COMPRESSIVE,  BEARING  AND 
SHEAR  TYPE  OF  LOft-DIM} 

INVESTIGATOR:  E.  L,  Home 

ABSTRACT:  This  report  gives  descriptions  of  several  methods  currently 

used  for  evaluating  creep  behavior  in  compressive,  bearing  and  shear  types 
of  loading.  Four  methods  for  compressive  creep  testing  are  described.  Two 
methods  for  bearing  creep  and  four  methods  for  shear  creep,  respectively, 
are  also  given.  Only  unclassified  and  non-proprietary  information  are  dis¬ 
cussed.  Special  mention  is  made  of  methods  developed  under  ¥ADC  sponsor¬ 
ship.  Future  panel  action  will  be  based  on  reconmendations  by  panel  members 

and  the  organizations  they  represent  resulting  from  a  study  of  methods  de" 
scriled  in  this  report. 


DESIGN  CRITERIA 
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SUBJECT:  DETERMINATICN  OF  IHE  TENSILE,  CCMPRESSIVE  AND 

BEARING  PROPERTIES  OF  FERROUS  AND  NCNFERROUS 

STRUCTURAL  SHEET  MATERIALS  AT  ELEVATED  TEMPERATURES 
INVESTIGATOR:  Donald  E.  Miller 

CONTRACT:  AF  33(616) -3145 

CONTRACTOR:  Amour  Research  Foundation 

ABSTRACT  To  provide  data  for  the  establishment  of  design  criteria, 

the  compressive  and  bearing  properties  of  six  aluminum  alloys,  three  mag¬ 
nesium  alloys,  two  tltanitun  alloys,  two  stainless  steels,  and  one  alloy 
steel  have  been  determined  at  elevated  temperatures.  Tensile  data  were  al¬ 
so  obtained  for  all  materials  except  the  stainless  steels.  Each  material 
was  tested  at  several  temperatures  as  follows;  2014-T6,  7075-T6,  and  X7178- 
t6  aluminum  alloys  and  ML-K24,  AZ31*-H24,  and  AZ3I-O  magnesium  alloys  at 
200°,  300°,  400°,  500°,  and  600°F;  2024-T3  aluminum  alloys  at  212°,  300°, 
400°,  500°,  600°,  and  700°F|  2024 -T8I  and  2024-T86  aluminum  alloys  at  200°, 
300°,  and  400°F;  axmealed  titanium,  cold-rolled  titanium.  Type  30I  half- 
hard  stainless  steel.  Type  302  annealed  stainless  steel,  and  SAE  4^30  alloy 
steel  at  400°,  606°,  800°,  and  1000°F.  Specimens  of  all  materials  were 
aged  for  0,5  hr  at  test  teii5)erature  prior  to  testing. 
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The  test  materials  used  in  the  program  were  leftover 
porticms  of  sheets  which  had  been  tested  previously.  They  had  been  in 
storage  for  periods  ranging  from  3  to  5  yrs.  Analysis  of  the  test  data 
suggested  that  long  room  teoiperature  aging  has  a  substantial  effect  on 
the  elevated  temperature  properties  of  certain  hard-rolled  and  heat-treated 
alloys.  The  properties  of  the  fhlly  annealed  materials,  however,  appeared 
to  be  unaffected  by  protracted  aging  at  room  tessera ture. 

Test  specimens,  equipment,  and  procedures  are  described  in 
detail,  and  test  results  are  presented  in  both  tabular  and  graphical  foim. 
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William  P,  Achbach 
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CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRA.CT;  Presented  in  this  report  is  a  compilation  of  data  on  the 

conventional  short-time,  elevated -teB?)erature  properties  of  selected  cor¬ 
rosion-resistant  and  hi^-ten^erature  alloys  applicable  to  airframe  and 
missile  fabrication.  The  resultant  reccamnended  design  data  obtained  in 
this  study  have  been  presented  in  such  form  as  to  be  directly  applicable 
to  the  ANC-5  Bulletin  (issued  by  the  Air  Force-Navy-Civil  Panel)  on 
"Strength  of  Metal  Aircraft  Elements", 
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ABSTRACT:  Described  in  this  report  is  a  compilation  of  data  on  the 

conventional  short-time  elevated-temperatxire  properties  of  selected  lij^it 
alloys  applicable  to  airframe  and  missile  fabrication.  The  resulting  recom- 
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mended  design  data  obtained  in  this  study  has  been  presented  in  such  foim 
as  to  be  directly  applicable  to  Bulletin  ANC-5  (issued  by  the  Air  Force- 
Navy-Civil  Panel)  on  "Strength  of  Metal  Aircraft  Elements", 
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SUBJECT:  M^TSEIAI5-PR0iPERIT-DESIGW  CRITERIA  FOR  METALS 

Fart  VII,  The  Conventional  Short-Time,  Elevated- 

Temperature  Froperties  of  Selected  lov-and 
Medium-Alloy  Steels 
INVESTIGATOR*  Ronald  J.  Favor 

William?.  Achbaeh 
Walter  S.  Hyler 
CONTRACT*  AF  33(6i6)-23P3 

CONTRACTOR*  Bat  telle  Memorial  Institute 

AESTRACT:  Fresented  in  this  report  is  a  compilaticn  of  data  on  the 

conventional  short-time,  elevated-tes^perature  properties  of  selected  low- 
and  medium-alloy  steels  applicable  to  airframe  and  missile  fabrication. 

The  resulting  reccoonended  design  data  obtained  in  this  study  have  been  pre¬ 
sented  in  such  form  as  to  be  directly  applicable  to  the  ANC-5  Bulletin 
(issued  by  the  Air  Force-Navy-Civil  Panel)  on  "Strength  of  Metal  Aircraft 
Elements" , 
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SUBJECT*  TEtBILE  FROPERTIES  OF  AIRCRAFT-STRUCTURAL  METALS 

AT  VARIOUS  RATES  OF  LOADING  AFTER  RAPID  HEATING 
INVESTIGATOR*  William  P.  Roe 
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CONTRACT*  AF  33(6l6)-424 

CONTRACTOR*  Southern  Research  Institute 

ABSTRACT*  The  purpose  of  the  present  phase  of  this  program  was  to 

determine  the  effects  of  variations  in  strain  rate  and  holding  time  at 
temperature  on  the  tensile  properties  of  several  aircraft-structural 
metals  after  they  had  been  heated  within  10  sec  to  test  temperatures  ap¬ 
proaching  the  melting  points  of  the  alloys  involved.  Major  emphasis  was 
placed  on  an  accurate  determination  of  these  effects  on  the  ultimate 
tensile  strength  and  0.2^-offset  yield  strength.  The  modulus  of  elasti¬ 
city,  percent  elon^tion,  and  proportional  limit  were  determined  with 
less  accuracy  as  by-products  of  the  data  for  the  purpose  of  establishing 
trends.  This  investigation  covered  strain  rates  from  0,00005  in, /in,/ 
sec  to  1.0  in./in./sec,  holding  times  at  test  teanperature  from  10  sec  to 
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l800  sec,  and  the  following  sheet  materials  orer  the  range  of  test  teBg)era- 
tures  indicated: 


Annealed  Stellite-25,  l600°F  -  2250®F 

Heat-treated  Inconel-X,  16ooOf  -  2250°F 

Full-hard  30I  stainless  steel,  l600°F  -  2250°!' 

Annealed  AllO-AT  titanium  alloy,  1200°F  -  2770°i* 

Alclad  2024-13  alxuninum  alloy,  800^  -  900°F 

In  general,  the  ultimate  tensile  strength  and  0.2^-offset 
yield  strength  of  all  test  materials  increased  appreciably  with  increasing 
strain  rates  at  each  test  ten5)erature.  With  only  minor  variations,  the 
apparent  modulus  of  elasticity  showed  a  consistently  increasing  trend  with 
increasing  strain  rates.  The  same  was  true  for  the  percent  elongation  with 
the  exception  of  annealed  AllO-AT  titanium  alloy,  which  showed  a  decreas¬ 
ing  trend  with  increasing  strain  rates. 

Because  of  atmospheric  attack,  the  properties  of  the  AllO- 
AT  alloy  deteriorated  with  increasing  times  at  the  higher  test  temperatures. 
Holding  times  at  test  temperature  had  no  significant  effect  on  any  of  the 
properties  of  the  other  materials  investigated. 

At  2250  F,  annealed  Stellite-25  had  the  greatest  strength, 
followed  by  heat-treated  Inconel-X,  annealed  AllO-AT  titanium  alloy,  and 
full-hard  30I  stainless  steel. 

The  oxidation  resistance  of  annealed  Stellite-25  and  heat- 
treated  Inconel-X  was  good  at  2250°F,  full-hard  30I  stainless  was  fair  to 
poor,  and  annealed  AllO-AT  titanium  alloy  was  poor,  Alclad  2024-13  aliuni- 
num  alloy  showed  good  oxidation  resistance  at  900^, 
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AmLYTICAL  METHODS  FOR  DETERMINING  SPECIFIC  EAMPINO 
ENERGY  CONSIDERING  STRESS  DISTRIBUTICK 
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B,  J,  lazan 
AF  33 (616) -2803 
University  of  Minnesota 

_  Various  energy  and  energy  ratio  units  for  expressing  the 

damping  properties  of  materials  are  discussed.  Specific  damping  energy 
(in-lb/cu  in/  cycle)  is  proposed  as  the  most  useful  unit  for  ccoparing 
materials  and  performing  engineering  calculations.  Analytical  methods  are 
presented  for  converting  the  total  or  average  dai^ping  energy  of  a  speci¬ 
men  to  its  specific  dai^iing.  The  role  of  the  voliune-stress  function  in 
this  analysis  is  discussed  in  general  and  specific  cases  are  illustrated. 
Additional  factors  involved  in  converting  such  energy  ratio  units  as 


SUBJECT: 

INVESTIGATOR: 

CONTRACT: 
CONTRACTOR; 
ABSTRACT: 


¥ADC  TR  53-373  Sup  5 


37 


logarithmic  decrement  are  analyzed*  Data  on  the  dimensionless  dancing 
and  strain  energy  integrals  are  included  for  a  range  of  conditions  to 
facilitate  data  conversion*  Caution  is  urged  in  interpreting  damping  data 
in  which  stress  distribution  and  other  factors,  analyzed  in  this  report, 
are  not  fully  considered. 
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SUBJECTj  DETERMINATICN  of  TENSILE.  COMPRESSIVE,  BEARING,  AND  SHEAR 

PROPERTIES  OF  FERROUS  AND  NON-FERROUS  STRUCTURAL  SHEET 
METAIS  AT  ELEVATED  TEJ^IPERATURES 


INVESTIGATOR:  John  V*  Melonas 

J*  Robert  Kattus 

CONTRACT:  AF  33(6l6)-274i  and  AF  33(6l6)-3224 

CONTRACTOR:  Southern  Research  Institute 

ABSTRACT:  The  tensile,  con^pressive,  bearing,  and  shear  properties 

of  the  following  sheet  metals  were  determined  at  various  temperatures 
after  exposure  times  from  1/2  to  1000  hours  at  the  test  temperature: 


1*  AISI-4130  alloy  steel,  150,  000  pai  nominal  strength  level 

2*  AISI-4130  alloy  steel,  I80,  000  psi  nomiiial  strength  level 

3*  AIBI-4130  alloy  steel,  200,  000  psi  nominal  strength  level 

4*  AllO-AT  titanium  alloy 

5*  HK3I-H24  magnesium  alloy 
6*  Type  301  stainless  steel,  full-hard 

The  magnesium  alloy  was  tested  over  a  temperature  range  rrom  "to  6oo®F, 

whereas  the  other  test  metals  were  tested  at  tenqjeratures  to  1000°F* 

The  test  results  show  that  all  strength  end  modulus  pro¬ 
perties  decreased  to  some  degree  with  increasing  temperature  over  the  range 
studied*  Increasing  exposure  time,  which  had  no  significant  effects  on 
modulus-of-elasticity  values,  resulted  in  some  decreased  strength  proper¬ 
ties  in  all  test  metals  at  the  higher  test  ten^jeratures  but  had  no  appreci¬ 
able  effect  at  the  lower  temperatures*  In  general,  the  effects  of  varia¬ 
tions  in  teoqjerature  were  greater  than  the  effects  of  variations  in  expos- 
iire  time. 


A  correlation  and  comparison  of  the  test  results  indicated 
soma  crude  relationships  between  various  properties*  These  relationships 
provide  a  means  of  calculating  rough  estimates  of  certain  properties  on  the 
basis  of  a  different  property  determination*  The  accuracy  of  these  calcula¬ 
tions  decreases  as  the  range  of  materials  and  conditions,  to  which  they  are 
applied,  increases.  For  the  entire  range  of  materials  and  conditions  used 
in  this  work  the  accuracy  of  the  various  property  relationships  ranged  frcm 
ill%  to  i55^»  Precise  and  reliable  data  on  the  tensile,  con^jressive,  bear¬ 
ing,  and  shear  properties  of  aircraft-structural  matarials  can  be  obtained 
only  by  testing  under  the  desired  conditions* 
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ELECTRODEPOSITI ON 
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SUBJECT:.  EETECT  OF  SHOT-PEENING  PRIOR  TO  CHROyiUM  PLATING  ON  THE 

FATIGUE  STRENGTH  OF  HIGH  STRENGTH  STEEL 
INVESTIGATOR:  Bennie  Cohen 

ABSTRACT:  The  effect  of  shot-peening  prior  to  chromium  plating  on 

the  fatigue  strength  of  high  strength  steel  has  been  studied  in  an  effort 
to  minimize  the  drastic  drop  in  fatigue  strength,  approximately  50SS»  which 
occurs  as  a  result  of  chromium  plating*  Shot-peened,  chromium  plated  steel. 
220.000  psi  UTS.  had  an  endurance  limit  12^  higher  than  the  bare  unshot- 
peened  steel*  Shot-peened.  chromium  plated  steel.  220.000  psi  UTS.  which 
was  baked  after  plating,  had  an  endurance  limit  18^  higher  than  the  bare 
unshot-peened  steel*  Shot-peened,  chromium  plated  steel,  280.000  psi  UTS. 
showed  oxily  a  slight  decrease  in  fatigue  strength  in  both  the  baked  and 
unbaked  conditions  when  compared  to  the  fatigue  strength  of  the  unshot- 
peened  bare  steel* 
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SUBJECT:  DEVELOPMENT  OF  ELECTROPLATING  PROCESSES  TO  ELIMINATE 

HTDROffiN  EMBRITTLEMEIOT  IN  HIGH-STRENGTH  STEEL 
J.  £ •  Chxlton 

AF  33 (616) -3429 

Stanford  Research  Institute 

The  eihbrittlement  of  cadmiimi  plated  high-strength  steels 
e*g*.  (SAE  4340)  by  hydrogen  is  of  serious  concern  to  the  Air  Force* 
Unexpected  failures  of  hi^ly  stressed  components  have  been  experienced. 
It  has  been  found  that  cadmitmi  plating  from  a  sulfamate.  a  perchlorate, 
or  a  fluoborate  bath  with  addition  agents  can  be  accomplished  without 
embrittlixig  the  steel,  but  that  the  quality  and  adherence  of  the  cadmium 
plate  emerging  from  these  baths,  as  compared  with  the  cadmium  plate  from 
a  cyanide  bath,  indicates  the  need  for  further  eraluatxon  before  use. 


In  order  to  eveduate  the  effects  of  Tarious  degrees  of 
hydrogen  embrittlement  on  the  steel,  a  sensitiye  mechanical  test  method 
was  required*  The  important  criteria  were  that  the  test  coupon  be  of  such 
geometry  that  it  could  be  plated  uniformly  and  that  the  test  would  evalxiate 
only  the  effect  of  hydrogen  embrittlement*  Simple  bend  tests  and  notched 
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bar  tensile  tests  hare  been  comnonly  used  for  studying  the  embrittling 
effect*  In  this  program*  the  bend  test*  torsion  test*  and  static  sustained 
load  bcMun  test  were  investigated*  A  static  sustained  load  beam  test* 
using  a  9-  X  lA-  x  l/2-inch  specimen  with  the  grain  transverse  to  the 
length  was  adopted*  The  SAE  4340  specimens  were  heat  treated  to  260*000 
to  300*000  pounds  per  square  inch  tensile  strength  and  the  fractxire  time* 
under  a  given  stress*  was  taken  as  a  measure  of  the  degree  of  hydrogen 
embrittlement* 


It  was  found  that  replicate  specimens  show  a  large 
deviation  in  fracture  times  in  spite  of  the  care  that  was  given  to  the 
selection*  preparation*  and  testing  techniques*  These  deviations  are 
due  to  the  normal  defects  and  variables  that  are  present  in  commercial* 
air  melted*  aircraft  quality  steel* 


WADC  TH  58-5  Pt  I  March  I958 

ASTIA  Document  No*  AD  I5IO78 


SUBJECT*.  COATINGS  OF  NICKEL-ALUMINUM  ALLOTS  PREPARED  BY  ELECTROLYSIS 

INVESTIGATOR*  Dwi^t  E.  Couch 
Jean  H.  Connor 


CONTRACT*  AF  33(616)57-10 

CONTEIACTOR*  National  Bureau  of  Standards 

ABSTOACT*  The  electrodeposition  of  nickel -aluminum  alloy  coatings 

for  the  protection  of  Thermold  J  Alloy  steel  was  investigated  because  of 
certain  proi>erties  of  the  alloy*  namely*  extreme  hardness  and  oxidation 
resistance*  The  alloy  was  formed  by  plating  alvxminum  upon  a  layer  of 
nickel*  When  the  fused  salt  baths  operated  above  the  melting  point  of 
aluminum,  the  alloy  was  formed  directly*  When  the  aluminum  was  deposited 
at  lower  temperatures,  the  samples  were  later  heated  to  form  the  alloy 
by  diffusion*  Oxidation  data  and  salt  spray  corrosion  resistance  of  the 
alloy-plated  steel  are  given*  Optimum  protection  of  the  steel  was  afforded 
by  the  alloy  formed  at  700^0*  consisting  of  2  mils  of  nickel  and  0*2  mil 
of  aluminum* 


ELECTRONIC  MATERIALS 
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SUBJECT*  EIJECTRICAL  AND  ELECTRONIC  f-iATERIALS  FOR  HIGH  SPEED 

MISSILES  AND  AIRCRAFT 
INVESTIGATOR*  Dr.  R.  N.  Erons 

ABSTRACT*  The  materials  which  go  into  the  construction  of  electrical 

and  electronic  component  parts  for  aircraft  and  missiles  are  discussed 
from  a  chemical  point  of  view.  Materials  are  divided  arbitrarily  into 
Organic  and  Inorganic  types.  Environmental  hazards  under  which  the  matezlals 
of  high  speed  aircraft  and  missiles  must  perform  are  listed.  A  blueprint 
of  heteroetom  polymer  types  and  inorganic  synthetic  approaches  is  indicated 
representing  the  state-of-the-art  effort  to  meet  the  severe  thermal, 
nuclear,  sonic  reguirements.  The  role  of  the  materials  engineer  in  the 
development  of  new  electronic  materials  is  discussed. 
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ASTIA  Document  No.  AD  151I83 

SUBJECT*  HIGH  TEI'^EERATURE  ELECTRICAL  INSULATION  MATERIALS  FOR 

MISSILES  AND  AIRCRAFT 
INVESTIGATOR:  Dr.  R.  N.  Evans 

ABSTRACT*  A  review  on  the  development  of  special-purpose  electrical 

materials  is  presented  together  with  new  areas  of  materials  development 
which  may  profitably  be  exploited.  Ihe  environmental  factors  to  which  high 
speed  aircraft  and  missiles  are  exposed  are  discussed.  A  oaaterials  program 
designed  to  meet  these  measurements  is  presented  and  its  relation  to 
programs  on  end-item  development  is  pointed  out. 


FATIGUE 
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SUBJECT* 

INVESTIGATOR* 


CONTRACT* 

CONTRACTOR* 

ABSTRACT* 


INVESTIGATION  OF  MATERIAIS  FATIGUE  PROBLEMS 

H.  N.  Cummings 

F.  fi.  Stulen 

W.  C.  Schulte 

AF  33 (616 >-2876 

Curtiss-Wright  Corporation 

The  studies  of  high-hardness  steels  that  were  begun  under 
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Contract  AF  33(^l6)-493  were  continued*  S-N  curves  were  obtained  for  SAE 
4340  air^^nelted  steel  of  230  ksi  UTS  and  vacuum  melted  steel  of  I90  ksi  UTS* 
Several  steels  of  300  ksi  UTS  were  investigated  by  Prot  tests,  and  S-N 
curves  were  obtained  for  a  4350  steel  of  the  same  UTS*  Studies  of  the 
relation  of  non-metallic  inclusions  to  fatigue  life  and  strength  of  the 
steels  were  continued  and  eoqploratory  studies  were  made  of  crack  initiation 
and  propagation*  The  applicability  of  the  Prot  method  of  testing  to  four 
non-ferrous  metals  was  also  included  in  the  work  done  under  the  present 
contract* 


¥ADC  TR  57-310  November  1957 

A^IA  Document  No.  AD  I42II6 
OTS  Release 

SUBJECT*  THE  EFFECT  OF  VARIOUS  MACHINING  PROCESSES  ON  THE  REVERSED- 

BENDING  FATIGUE  STRENGTH  OF  A-110  AT  TITANIUI4  ALLOT  SHEET 
INVESTIGATOR*  Robert  J.  Rooney 

ABSTRACT*  The  results  of  reversed  cantilever  bending  fatigue  testa 

on  A-llO  AT  (5^  AL  -  2.5JS  Sn)  titanium  alloy  sheet,  machined  by  various 
processes,  are  presented*  The  machining  processes  employed  were  the 
following*  Ultrasonic,  slab  milling,  chem-milling,  grinding  and  electrical 
discharge  machining*  The  effect  of  shot-peening  on  the  fatigue  strength  of 
the  "as-rolled"  alloy  is  also  presented*  The  effects  of  the  various  machining 
processes,  as  well  as  that. of  shot-peening*  are  shown  by  comparing  the 
fatigue  strengths  obtained  under  these  conditions  with  the  fatigue  strength 
of  the  material  in  the  "as-rolled"  condition.  Results  of  the  meaBurements 
of  residual  surface  stress  in  the  "as-rolled"  material  are  also  presented* 
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ASTIA  Document  No.  AD  15II62 
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SUBJECT*  FATIGUE  STRENGTH  REDUCTION  FACTORS  FOB  INCLUSIONS  IN 

HI(2i  STRENGTH  STEELS 
H.  N.  Cummings 
F.  B.  Stulen 
W.  C.  Schulte 
AF  33(6i6)-5182 
Curtiss-Wright  Corporation 

Tentative  values  of  Fatigue  Strength  Reduction  Factors  for 
non-metallic  non-malleable  inclusions  in  single-nucleus  fractures  of 
R.  H*  Moore  rotating  beam  specimens  are  determined  by  two  methods*  Data 
for  the  computations  are  taken  from  tests  on  309  specimens  of  SAE  434®  s^^d 
4350  steel,  of  140,  190,  230,  260  and  3 00  ksi  UTS.  Quantitative  results 


INVESTIGATOR* 


CONTRACT* 

CONTRACTOR* 

ABSTRACT: 
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are  thought  to  be  somewhere  near  the  correct  order  of  magnitude*  Qualita¬ 
tively*  it  is  concluded  that  the  values  of  the  factors  depend  upon  the  sise 
of  the  inclusions  and  upon  the  hardness  level  of  the  steel*  Also*  it  is 
thought  that  for  very  small  inclusions  (less  than  0*00023  inch)  other 
inhomogeneities  inherent  in  the  steel  itself  dominate  the  failure  of  a 
specimen* 


FUELS 
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SUBJECT t  ACCELERATED  STCRAGE  STABILITY  OF  AVIATION  FUELS 

INVESTIGATCRi  R.  W.  Sneed 

0.  M.  Ballentine 

Capt*  J.  H.  Winterhaulter 

ABSTRACT:  This  work  is  a  study  of  aviation  fuels  of  various  base 

stocks,  containing  several  different  additives,  and  stored  vinder  accel¬ 
erated  conditions  in  two  different  type  containers;  the  purpose  was  to 
obtain  data  on  the  deterioration  which  may  be  expected  during  the  storage 
of  aviation  fuels  at  desert  temperature. 

Wide  variations  were  found  in  the  rates  of  deterioration 
of  the  fuels*  Fhenylene  diamine  appears  to  be  the  best  oxidation  inhi¬ 
bitor  and  the  C2  o»d  C^^  alkylate  base  stock  is  more  stable  than  the 
strai^t  run  fuel;  copi>er  definitely  accelerates  gum  formation* 


®APHITE 
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SUBJECT:  SiC-GRAPHITE  BODY  FOR  ELEVATED  TEMPERATURE  SERVICE 
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INVESTIGAICBt  Carl  F.  Cline 

CONTBACTfc  AF  33(6l6)-3538 

CONTRACTOR t  The  Carborundum  Company 

ABSTRACT t  A  graphite  body  bonded  by  silicon  carbide  has  been 

developed  which  has  physical  properties  superior  to  graphite  alone*  Data 
are  presented  for  transrerse  rupture  strength*  density*  chemical  analysis* 
and  tMisile  strength*  One  composition  has  an  average  transverse  rupture 
strength  of  12*000  pounds  per  square  inch  at  1300*'C*  as  compared  to 
5*k00  pounds  per  square  inch  for  ATJ  graphite* 

A  dynamic  high  temperature  test  was  developed  which 
utilises  the  hi^  current  are  as  its  heat  source*  Data  are  presented 
on  the  stability  of  the  developed  bodies  as  compared  with  ATJ  graphite 
when  the  materials  are  subjected  to  a  preliminary  version  of  the  high 
temperature  are  test* 
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ASTIA  Document  No.  AD  I50962 


SUBJECT:  CRAEHITE-BASED  MATERIALS  FOB  HIGH  TEiyiFERATURE  APPLICATIONS 

INVESTIGATOR  t  M*  Janes 

CONTRACTi  AF  33<6l6)-.3537 

CONIRACTCR:  National  Carbon  Company 

ABSTRACT:  Recent  aerodynamic  developments  require  a  material  which 

will  endure  under  conditions  of  high  heat  flux  with  consequent  high  surface 
temperatures  and  high  flow  of  an  oxidizing  gas  relative  to  a  body  of  the 
material*  Surface  temperature  rise  may  be  quite  rapid*  so  that  the  material 
must  possess  resistance  to  thermal  shock*  Graphite  has  outstanding  hi^ 
temperature  strength*  a  high  sublimation  temperature*  and  excellent  thexmal 
shock  resistance  in  comparison  to  other  agglomerate  bodies*  However*  it 
is  quite  reactive  with  oxygen  or  other  oxidizing  gas  at  high  temperatures 
and  high  relative  gas  flow  rates* 


This  report  summarizes  the  results  of  a  first  year  of 
a  program  to  compare  the  oxidation*  with  accompanying  erosion,  of  graphite 
prepared  with  variation  in  raw  materials  or  processing*  and  of  combinations 
of  graphite  with  n»tals*  carbides  and  compounds  such  as  calcium  fluoride* 

Three  different  procedures  for  testing  oxidation-erosion 
resistance*  varying  in  principle  and  in  severity*  have  been  developed 
and  used*  Two  procedures  for  evaluating  relative  thermal  shock  resistance 
are  described* 


Graphite  materials  prepared  by  the  variations  in  raw 
materials  end  processing  so  far  evalxiated*  show  relatively  minor  differences 
in  oxidation-erosion  rate*  Removal  of  catalytic  impurities  substantially 
reduces  the  rate  of  oxidation  if  any  portion  of  the  specimen  is  subjected 
to  relatively  low  temperature  oxidation* 
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Combinations  of  graphite  with  various  carbides  such  as 
those  of  boron  and  titanium  together  with  silicon  carbide,  with  the 
carbide  incorporated  throughout  the  body,  have  shown  considerably  improved 
oxidation  resistance  in  an  intermediate  temperature  range  (to  about  1700**C)* 
It  appears  possible  that  further  development  will  extend  the  stability 
of  these  materials  to  hi^er  temperatures* 


HmUULIC  FLUIDS 


WADC  TR  55-89  Pt  V  July  I957 

ASTIA  Document  No.  AD  II834I 

SUBJECT*  PHYSICAL  AND  CHEMICAL  LABORATORY  EVALUATION  OF  SILICATE 

BASE  HIGH  TEMPERATURE  HYDRAUUC  FLUIDS 

Part  V*  Room  Temperature  Hydrolysis  Studies 
INVESTIGATOR*  George  Baum 

ABSTRACT*  Silicate-esters  are  being  considered  for  use  in  400*’!' 

hydraulic  systems*  Previous  study  had  established  evidence  of  the 
l^drolytic  instability  of  the  silicate-ester  formulations. 

The  behavior  of  four  silicate-ester  base  formulations 
toward  extended  storage  with  varying  quantities  of  water  was  studied* 

The  formulations  presented  varying  degrees  of  hydrolytic  stability* 

Solids  formation  was  encountered  with  all  formulations*  However,  the 
disiloxane  formulation  (MLO  8200)  produced  significantly  lower  quantities 
of  solids  than  the  other  three  formulations*  Addition  of  a  diester  to 
this  disiloxEme  formulation  resulted  in  a  large  increase  in  the  amount  of 
solids  formed*  The  solids  formed  were  not  a  linear  function  of  water 
present*  Instead,  maximum  solids  occurred  at  intermediate  water  concen¬ 
trations* 
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SUBJECT* 

INVESTIGATCR* 

CONTRACT* 

CONTRACTOR: 


SILICONE  FLUID  RESEARCH  FCH  THE  DEVELOPMENT  OF  HIGH 
TEMPERATURE  HYDRAULIC  FLUID  AND  ENGINE  OILS 
Edgar  D.  Brown,  Jr* 

Norman  G.  Holdstock 
AF  33(6i6)-2899 
General  Electric  Company 
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abstract t  Continued  study  of  the  chlorophenyl  silicone  formulation 

has  resulted  in  deTelopment  of  an  additiye  which  greatly  improTes  the 
lubricity  of  the  base  fluid  (F-50)  without  impairing  other  desirable 
features  such  as  yiscosity-temperature  characteristics  and  oxidation 
stability  below  500®F«  This  additiye  is  a  straight  chain  linked  tin** 
carbon**silicon*>oxygen  polymer  and  is  soluble  in  the  base  fluid  at  all 
temperatures  down  to  **65®?*  The  tin  polymex>>sil icons  formulation  has 
been  designated  silicone  fluid  81717  will  allow  for  prolonged  use  in 
the  -63®F  to  575®F  temperature  range*  Under  appropriate  conditions  of 
high  pressure  and  wet  atmosphere,  hydraulic  fluid  use*  in  the  630®F  -  700®F 
range  is  possible* 


Silicone  fluids  undergo  thermal  rearrangement  aboye 
6oo®F  which  causes  large  changes  in  yiscosity  properties*  Howeyer,  a 
change  in  structure  to  silicone  carbon  linkage  has  yielded  fluids  with 
excellent  700®F  thermal  stability*  flirther  syntheses  and  evaluation 
study  is  required  to  produce  fluids  of  the  desired  lubricity  leyel* 

The  fluid  with  the  best  oyernall  oxidation  stability  is 
still  the  base-stock,  F-30,  with  iron  octoate  as  oxidation  inhibitor* 
This  is  now  available  as  silicone  fluid  81644* 
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SUBJECT::  'CHAIN  TYPE'  POLYPHENYL  AND  POLYNUCLEAR  ARC&IATIC 

CCMPODNDS  AS  BASE  MATERIALS  FOR  HI(2i  TEMPERATURE  STABLE 
AND  RADIATION  RESISTANT.  LUBRICANTS  AND  HYDRAULIC  FLUIDS 
INVESTIGATOR:  Josef  J*  £.  Schmidt 

John  A*  Krimmel 


Thomas  J.  Farrell,  Jr* 

CONTRACT:  AF  33(6l6)-2939 

CONTRACTOR:  Denver  Research  Institute 

ABSTRACT:  This  report  describes  the  preparation  and  investigation 

of  alkyl -biphenyl  and  alkylterphenyl  derivatives  and  their  intermediates* 
In  particular,  homologous  series  of  4*  “alkyl -g-terphenyl  and  3“®llEyl- 
U-terphenyl  compounds  have  been  prepared  in  connection  with  a  closer 
investigation  of  the  correlations  between  chemical  structure  of  these 
classes  of  compounds  and  their  physical  properties,  thermal  stability, 
and  their  feasibility  as  thermally  stable  and  radiation  resistant  fluids* 


Two  half-gallon  samples  of  the  more  promising  fluids, 
4'  -n-nonyl-®*  terphenyl  and  3“S“beptyl-®-terphenyl ,  have  been  prepared 
for  WADC's  Materials  Laboratoi^  under  contractual  terms  for  the  purpose 
of  additional  testing* 
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SUBJECT  I  HIC2i  TEMPERATURE  FLUID  EVALUATION  TEST  STAND 

INVESTI GATOR {  Donald  B.  Reinke 


CONTRACT:  AT  33(6l6)-3126 

CONTRACTOR:  Sundstrand  Aviation  Division 

ABSTRACT:  A  hydraulic  fluid  test  stand  with  the  capability  of 

evaluating  fluids  at  temperatures  up  to  7U0*^  and  pressures  up  to 
psi  has  been  constructed*  A  suirvey  of  the  industry  showed  several 
areas  in  which  reliable  aircraft  type  components  were  not  available* 
and  in  such  instances  the  best  available  non-aircraft  components  were 
adapted  to  ccanplete  the  test  stand* 


This  report  describes  the  fluid  evaluation  parameters* 
the  finalized  test  procedures  to  be  used  for  fluid  analysis*  the 
selection  of  components*  and  the  results  of  initial  check-out  tests* 
Evaluation  of  hydraulic  fluids  at  the  temperature  level  for  which  this 
stand  is  built  represents  a  potential  fire  hazard*  Safety  and  automatic 
control  provisions  are  noted* 
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SUBJECT: 

INVE3TIGATCB: 


DEVELOPMENT  OF  A  HYDROLYTICALDr  STABLE  HIGH  TEMPERATURE 
HYDRAULIC  FLUID 
Robert  L.  Peeler 


Steve  A.  Eovacich 
CONTRACT:  AF  33(6l6)-3476 

COITTRACTOR:  California  Research  Corporation 

ABSTRACT:  This  report  covers  the  first  year's  work  on  a  contract 

to  improve  the  hydrolytic  sted)ility  of  silicate  based  hydraulic 
fluids  operating  in  the  -65 ®F  to  400°®'  temperature  range* 


A  literature  search  was  made  of  the  mechanise  and  factors 
affecting  the  rate  of  hydrolysis  of  alkozysilanes*  Steric  effects  were 
foimd  to  be  the  most  important  factor* 


Silanes,  disilozanes,  trisilozanes,  and  miscellaneous 
silicates,  having  primary,  secondary*  cmd  tertiary  alkozy*  alkyl*  and 
phenyl  groups,  were  synthesized*  These  compounds  were  evaluated  for 
hydrolytic  stability  at  400^F*  Of  the  compounds  tested  to  date*  silanes 
with  two  tertiary  butozy  and  two  secondary  alkozy  groups  have  the 
greatest  hydrolytic  stability*  Di(tert-butozy)-di(3-ethyl-2-nonoxy) 
silane  and  di(tert-butozy)di(2-octozy)silane  were  the  two  most  stable 
compounds  prepared* 
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Disiloxanes  containing  secondary  alkoxy  and  two  tertiary 
butoay  groups  hare  not  shown  stability  comparable  to  the  silanes* 

Two  carbo39^1ic  acid  esters  and  four  silicones  were 
eTaluated  for  hydrolytic  stability  at  for  reference  purposes* 

Contraiy  to  the  good  hydrolytic  stability  shown  by  these  synthetic 
materials  at  200^F*  they  shoved  considerable  deterioration  at  400°F* 

Thus*  the  best  silanes  prepared  in  this  program  are  more  stable  in  this 
test  than  other  types  of  synthetic  base  materials  usually  assumed  to 
have  satisfactory  stability* 

A  small-scale*  I^OO^F  hydrolytic  stability  test  method 
was  developed  which  shows  good  correlation  with  the  standard  bomb  method* 
Diesters*  mono-esters*  and  hydrocarbons  have  been  found  which  are  more 
effective  swelling  agents  for  Neoprene  than  di(2-ethylhexyl)  sebacate* 
Dimethyl  silicones  were  found  to  be  the  most  effective  viscosity  index 
improvers  of  those  tested*  although  other  high  viscosity  silicones* 
polymsthacrylates*  and  polyvinyl  ethers  were  also  usable*  With  di(tert- 
butoxy)di(2-octoxy)silane*  a  fluid  with  2500  cs  viscosity  at  -65®F 
and  over  1*0  cs  at  400°F  can  probably  be  prepared*  Oxidation  tests 
at  400°F  indicated  the  need  for  better  inhibitors*  Four-Ball  Wear  prop¬ 
erties  of  the  new  hydrolytically  stable  base  stocks  were  equivalent  to 
the  currently  used  hexa(2-ethylbutoxy)disiloxane* 
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SUBJEC?r»  RESEARCH  ON  THE  FLAMMABILITY  CHARACTERISTICS  OF  AIRCRAFT 

HYDRAULIC  FWIIDS 


INVESTIGATOR:  Michael  G.  Zabetakis 

Aldo  L.  Furno 
Joseph  J.  Miller*  Jr. 


CONTRACT:  AF  l8(600)-151 

CONTRACTOR:  Bureau  of  Mines 

ABSTRACT:  The  results  of  minimum  spontaneous  ignition  temperature 

tests  conducted  on  seven  hydraulic  fluids  while  in  contact  with  seven 
surfaces  foxmd  in  aircraft  under  conditions  likely  to  be  encountered  in 
practice  are  presented  here*  These  tests  were  conducted  by  members  of 
the  Branch  of  Gas  Explosions,  Division  of  Explosives  Technology*  U.  S* 
Bureau  of  Mines  between  1  November  1955  aod  3I  October  1956*  Hydraulic 
fluids  Esso  Uni vis  J-43»  conforming  to  specification  MIL-0-56o6,  MLO  53" 
446  (General  Electric  GE  81406)*  MLO  54-540  (Monsanto  OS  45)*  MLO  54-540 
(Monsanto  OS  45)*  MLO  54-581*  MLO  54-645  (85JS  Oronite  8200  15%  Plexol), 

MLO  54-856  (Hollingshead  72073C)*  and  MLO  8200  (Oronite  8200)  were  tested 
while  in  contact  with  heated  aluminum,  beryllium-copper,  copper*  magnesium* 
pyrex  glass*  stainless  steel  and  titanium  surfaces.  The  effects  of  both 
teat  chamber  pressure  and  injection  pressure  variations  were  investigated* 
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WADC  TR  57-151  Sup  1 
ASTIA  Document  No.  15551O 
OTS  Releaae 


May  1958 


SUBJECT!  RESEARCH  ON  THE  FLAlVJ'iABILITY  CHARACTERISTICS  OF  AIRCRAFT 

HYDRAULIC  FLUIDS 

INVESTIGATCR:  Michael  G.  Zabetakis 

Agnes  C.  Imhof 
Frank  W .  Lang 

CONTRACT:  DO  33(6l6)  0-57-4 

CONTRACTOR:  Bureau  of  Mines 

ABSTRACT:  The  results  of  spontaneous  ignition  temperature  tests 

conducted  on  JF-4  seven  hydraulic  fluids  in  air  while  in  contact 
with  seven  surfaces  found  in  aircraft  are  presents.  Tests  were  conducted 
at  reduced  and  elevated  pressures  using  both  low  and  high  velocity  injec¬ 
tion  techniques.  They  were  conducted  by  members  of  the  Branch  of  Gas 
Ejcplosions,  Division  of  Explosives  Technology  •  U.  S.  Bureau  of  Mines 
between  1  November  195^  and  31  October  1957»  hydraulic  fluids  Esso 
Univis  J’-43  (Spec.  MIL-O-5606),  MLO  53-44^  (General  Electric  GE  8L406), 

MLO  54-540  (Monsanto  OS  45).  1^0  54-581.  MLO  54-645  (85Sg  Oronite  8200  ♦ 
Plexol),  MLO  54-856  (Hollingshead  72073C)  and  MLO  8200  (Oronite  8200) 
were  tested  while  in  contact  with  heated  aluminvus.  beryllium-copper, 
copper,  magnesium,  pyrex  glass,  stainless  steel  and  titanium  surfaces. 

In  addition,  the  flash  and  fire  points  of  these  fluids  were  determined 
in  a  standard  ASTM  apparatus. 


¥ADC  TR  57-167  August  1957 

ASTIA  Document  No.  AD  I3IOO9 
OTS  Release 

SUBJECT:  HIGH  TEMPERATURE  HYDRAULIC  FLUID  DEVELOPMENT  STATUS 

AND  ENGINEERING  DATA 
INVESTIGATOR:  George  Baum 

Robert  J.  Benzing 

ABSTRACT::  A  review  of  the  status  of  extreme  high  temperature 

hydraulic  fluid  development  is  presented.  Progress  in  research  and 
development  for  fluids  with  a  high  temperature  capability  of  to 

700°F  and  a  low  temperature  capability  of  0®F  to  -65®F  is  described  in 
detail.  The  fluids  within  this  temperature  range  and  described  in  this 
report  fall  into  the  following  classes  of  compoimds}  Organosilicates. 
disilosranes •  silicones,  mineral  oils  and  silanes.  The  available  data 
on  properties  of  these  research  fluids,  important  to  hydraulic  system 
design  are  reported.  These  data  include  the  fellowingi  viscosity- 
temi)erature ,  density-temperature,  thermal  stability,  data  for  heat 
transfer  calculations,  compressibility,  vapor  pressure,  and  flammability 
measurements. 
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The  large  amount  of  design  data  on  to  ^OO^F  type 

fluids  obtained  by  industry  and  the  military  sez^ices  is  compiled  and 
reported*  This  includes  both  previously  published  end  unpublished  data* 


¥ADC  TR  57-168  March  I958 

ASTIA  Document  No*  AD  14214I 
OTS  Release 

SUBJECT!  LABCeATORY  EVALUATION  OE  SILANE  FLUIDS  AS  POTENTIAL  BASE 

STOCKS  FOR  HYDRAULIC  FLUIDS  AND  LUBRICANTS 
INVESTIGATOR!  Harold  W.  Adams 
George  Baum 

.ABSTRACT!  A  new  class  of  potential  base  stocks  for  high  temperature 

turbojet  engine  oils  and  hydraulic  fluids  has  been  developed  at  this 
laboratory*  The  physical  and  chemical  properties  of  the  alkyl  and  alkyl- 
aryl  silanes  show  them  to  possess  good  thermal  stability  up  to  650°F« 
good  lubricity  end  marginal  oxidative  stability  at  500®®"* 

An  overall  assessnent  of  the  properties  of  the  silanes 
evaluated  indicates  that  they  are  promising  base  materials  for  a  0  to 
500®F  engine  oil  or  a  0  to  700®F  hydraulic  fluid* 


WADC  TR  37~266  Pt  I  June  1957 

ASTIA  Document  No.  AD  130807 
OTS  Release 


SUBJECT;  EFFECTS  OF  NUCLEAR  RADIATION  ON  ORGANIC  FLUIDS 

Part  I*  Gemua  Radiation  Stability  of  Certain  Mineral 
Oils  and  Diester  Fluids 
INVESTIGATORi  William  L.  R.  Rice,  lA-t 
James  H.  Way,  l/Lt 

ABSTRACT:  A  study  was  made  of  the  stability  to  gamma  radiation  of 

certain  refined  petroleum  oils  and  diester  fluids*  Testing  of  the  irra¬ 
diated  fluids  by  means  of  lubricant  evaluation  procedures,  such  as 
viscosity,  flash  point,  and  oxidation-corrosion  resistance,  indicated 
that  for  the  tests  conducted,  the  mineral  oils  of  the  type  studied 
should  have  general  resistance  to  gamma  radiation  up  to  a  dosage  of  about 
1  z  10®  roentgens*  The  diester  fluid  di-2-ethylhexyl  sebacate  (Plexol  201) 
had  very  poor  stability  to  gamma  radiation  over  the  same  range*  Addition 
of  0*356  phenothiazine  improved  the  radiation  resistance  of  this  base  fluid, 
except  for  the  loss  of  oxidative  stability  experienced  at  dosage  levels 
of  1  X  10'  roentgens  and  lower* 


Examination  was  made  of  the  teat  data  for  the  irradiated 
fluids  to  determine  if  any  property  changes  followed  the  radiation  exposure 
history*  This  was  to  discover  if  either  the  mineral  oil  or  diester  type 
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fluids  could.be  used  as  secondary  reference  standards  for  radiation 
calibration  of  non->unifonii  geometries  exposed  to  nuclear  radiation,  such 
as  bearing  assemblies  or  circulating  fluid  loops*  The  changes  offering 
the  most  promise  were  the  increase  in  neutralization  number  of  the  diester 
fluid  and  the  gas  evolution  of  the  mineral  oils* 


WADC  TR  57-294  February  I958 

.ASTIA  Document  No*  AD  15IOOI 
OTS  Release 


SUBJECT:  RESEARCH  ON  LIQUID  METALS  AS  POWER  TRANSMISSION  FIDIDS 

INVESTIGATE:  Richard  H.  Blackmer 


CONTRACT:  AF  33(6l6)-3698 

CONTRACTE:  General  Electric  Company 

ABSTRACT:  The  eutectic  alloy  of  sodixun  (23  weight-percent)  and 

potassium  (77  weight -per cent),  known  as  NaK  77*  has  been  determined 
from  a  technical  survey  of  liquid  metals  and  salts  as  the  most  feasible 
liquid  known  for  10®F  to  1000®F  hydraulic  system  applications*  A  single 
cylinder  test  pump  in  an  inert  atmosphere  glove-box  has  pvuaped  NhK-77 
up  to  3600  psi  at  100®F  and  up  to  2000  psi  at  1000®F*  A  total  of  about 
100,000  cycles  at  1  cycle  per  second  and  an  average  pressure  of  1500  psi 
have  been  accumulated*  Results  of  literature  survey,  consultation,  end 
laboratory  tests  are  included  in  this  report* 


WADC  TR  57-437  December  I957 

ASTIA  Doceument  No.  AD  I42I88 


SUBJECT:  HIGH-TEMPERATURE  BASE  STOCK  FLUIDS 

INVESTIGATE:  Edward  S.  Blake  William  C.  Hammann 

James  W.  Edwards  Thomas  £.  Re i chard 


CONTRACT:  AF  33(6l6)-38l9 

CONTRACTOR:  Monsanto  Chemical  Company 

ABSTRACT:  A  limited  study  was  made  on  the  variables  involved  in 

the  production  of  a  quantity  of  bromine-free  non-crystallizable  mixed 
bis-(methylphenoxy)benzene,  by  the  Ullmann  reaction. 


Thermal  stability  and  other  physical  data  are  reported 
on  61  compounds  which  include  seven  classes  not  previously  reported, 
namely  amides,  sulfones,  aromatic  amines,  ketones,  silicon  fluorides, 
triaryl  derivatives  of  Group  V-B  elements  below  nitrogen  and  fsrrocenes* 
Twenty  chemical  classes  are  compared  in  thermal  stability,  and  the 
useful  life  for  eight  potential  base  stocks  is  estimated* 

The  limits  of  error  for  the  WADC  TR  55“449  oxidation 
and  corrosion  teat  were  determined  using  esters  without  antioxidants  as 
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test  f luids*  This  test  wes  used  to  determine  the  oxidation  suscepti¬ 
bility  of  certain  compounds  and  substituent  groups  in  aromatic  ethers* 
An  attempt  was  made  with  some  success  to'  adapt  a  modified  Warburg 
apparatus  for  simplified  oxidation  studies* 

Some  eutectic  and  crystallization  studies  on  various 
aromatic  ethers  are  reported*  Niunerous  syntheses  were  made* 


WADC  TR  57-573  December  I957 

ASTIA  Docionent  No*  AD  li|2262 
OTS  Release 

SUBJECT*  GAMMA  RADIATION  STABILITY  OF  OS-45  AND  OS-45-1 

HYDRAULIC  FLUIDS 

INVESTIGATOR*  William  L.  R.  Rice  ,  l/Lt 

ABSTRACT*  The  hydraulic  fluids  03-45  and  OS-45-1  were  exposed  to 

gamma  radiation  over  the  range  4*36  x  10®  ergs/011  C  to  8*71  x  10^®  ergs/ 
011  C*  Changes  in  the  physical  and  chemical  characteristics  of  the 
fluids  were  determined  following  the  static  irradiations*  It  was  observed 
that  major  changes  took  place  in  most  of  the  properties  at  the  higher 
exposure  levels.  Relationships  were  derived  between  the  change  in 
certain  properties  and  the  gamma  dosage*  It  was  concluded  that  although 
the  effects  of  gamma  radiation  on  the  fluids  indicated  possible  difficulty 
in  their  use  in  a  radiation  field*  ^namic  in-source  testing  in  a  mock-up 
hydraulic  system  would  be  necessary  to  establish  their  use  limitations* 


WADC  TR  57-581  March  1958 

ASTIA  Document  No,  AD  I5IO74 

SUBJECT*  RESEARCH  AND  DEVELOPMENT  ON  THE  SYNTHESIS  OF  TETRAAIEYL 

SILANES 

INVESTIGATOR*  Edward  E ,  Harris  Robert  J,  Rayner 

Frank  J*.  Milnes  Roman  Dombachewsky 

CCiW’RACT*  AF  33(6l6)-3430 

CONTRACTOR*  Olin  Mathieson  Chemical  Corporation 

ABSTRACT*  One-gallon  samples  of  nine  tetrealkyl  silanes  and  one 

diaryl  dialkyl  silane  have  been  synthesized  for  testing  as  high-temper¬ 
ature  lubricants*  The  diaryl  dialkyl  silane  and  three  of  the  tetraalkyl 
silanes  have  been  produced  in  five-gallon  quantity*  Finally,  fifteen- 
gallon  quantities  of  diphenyl  di-ja-octyl  silane  end  di-a-dodecyl  di-a- 
octyl  silane  have  been  produced*  A  Grignard  process  has  been  used  for 
all  syntheses*  both  of  intermediates  and  final  products*- 
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May  1938 


WADC  TR  38-84 

A3TIA  Document  No.  AD  131I9I 

SUBJECT:  DEVELOPMENT  OF  Hlffl-TEMPERATURE  STABLE  LIQUID  UREAS 

AND  AMIDES 

INVESTIGATOR:  Cecil  C.  Chappelow,  Jr, 

Robert  N.  Clark 
CONTRACT  AF  33(6l6)-3129 

CONTRACTOR:  Midwest  Research  Institute 

ABSTRACT:  A  program  for  the  development  of  thermally  stable  liquid 

ureas  was  undertaken.  This  program  consisted  of  the  syntheses  and  evalu¬ 
ation  of  new  compounds  idiich  contain  only  carbonly  groups,  nitrogen  atoms 
and  organic  radicals.  The  first  class  of  compounds  to  be  investigated 
has  been  the  tetra-substituted  ureas. 

During  the  syntheses  program,  a  total  of  26  tetra-sub¬ 
stituted  ureas  were  prepared,  23  of  which  are  new  compositions  of  matter 
not  reported  in  the  literature.  These  compounds  are  representative  of 
the  following  types  of  tetra-substituted  ureas:  tetraalkylureas,  dialkyl- 
diarylureas,  tetraalkaiylureas,  dialkaryldiaryi ureas,  N-( substituted 
phenyl )tri phenyl ureas  and  tetraarylureas. 

During  the  evaluation  program,  primary  emphasis  was 
placed  upon  thermal  stability.  As  a  result  of  this  work,  it  was  found 
that  the  basic  urea  structure  was  very  stable.  Also,  it  was  found  that 
the  following  substituent  groups  were  thermally  stable:  diphenyl ene, 
phenyl ,  4“^®^'byl phenyl ,  4“t)iphenylyl ,  4**3i®'th03cyphenyl ,  2 ,4-dimethylphenyl  # 
1-  and  2-naphthyl,  jn-octadecyl ,  methyl,  •  n-butyl. 

On  the  basis  of  preliminary  e3q)erimental  data,  tetra- 
substituted  ureas  as  a  class  of  compounds  show  promise  as  base  materials 
for  high-temperature  hydraulic  fluid  and  lubricant  applications. 


LUBRICANTS 


WADC  TR  33-83  Pt  VI  March  I938 

ASTIA  Document  No,  AD  131033 

SUBJECT:  DEVELOPMENT  AND  EVALUATION  OF  HIGH  TEMPERATURE  CREASE 

THICKENERS 

INVESTIGATOR:  John  C.  Goossens 

CONTRACT:  AF33(038)-23687 
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CONTRACTCEt  Standard  Oil  Company  (indlsma) 

ABSTRACT!  This  work  was  directed  toward  the  development  of  new 

grease  thickeners  operable  at  temperatures  above  45^°^  as  high  as 
700°F«  During  this  period  a  variety  of  substances  were  prepared  and 
tested  as  thickeners  for  silicone  and  ester  fluids*  Those  which  proved 
to  be  effective  thickeners  in  less  than  1^0%  concentration  were  given 
preliminary  screening  tests  and  the  better  samples  were  run  in  the  ABEC* 
NLGl  bearing  tester* 

The  general  types  of  materials  tested  as  high  temperature 
thickeners  were  polar  organic  compounds*  polymers*  and  organo-metal 
compounds*  Selection  of  materials  for  test  was  based  on  thenhal  stability* 
ease  of  preparation*  and  ability  to  prepare  the  substance  in  small  particle 
size*  Of  the  many  materials  tested*  those  which  have  shown  the  greatest 
promise  are*  in  decreasing  order  of  their  effectiveness,  a  new  substituted 
pteridine*  derivatives  of  hydrazine  with  bitolylene  diisocyanate*  p^thaloyl 
melamine  and  some  derivatives  of  cyanuric  acid*  However*  at  present  none 
of  these  appears  as  good  a  high  temperature  thickener  as  the  arylureas 
developed  previously* 

In  addition  to  the  usual  high-speed  bearing  tests* 

600°F  bearing  tests  were  conducted  on  silicone  greases  thickened  with  the 
two  better  thickeners*  arylurea  end  a  pteridine  derivative*  The  tests 
were  run  both  in  air  and  under  a  slow  stream  of  nitrogen*  Both  greases 
ran  65  to  120  hours  under  nitrogen*  In  air  the  aryliurea  had  better 
oxidative  stability  running  4^  6o  hours  in  contrast  with  approximately 
20  hours  for  the  pteridine  thickened  grease* 


WADC  TB  53-293  Pt  VIII  February  I958 

ASTIA  Document  No.  AD  150994 
OTS  Release 


SUBJECT; 


INVESTIGATOR; 

CONTRACT; 


HIGH  TEMPERATURE  AMTIOXIDANrS  FOR  SYNTHETIC  BASE  OILS 
Part  VIII*  Evaluation  of  Antioxidants  in  Synthetic 
Fluids 

James  W.  Cole*  Jr* 

AF  33(6i6)-3234 


CONTRACTCR;  University  of  Virginia 

ABSTRACT;  This  is  a  continuation  of  a  laboratory  program  on  the 

evaluation  of  the  oxidation  patterns  of  synthetic  fluids  in  the  presence 
and  absence  of  inhibitors  and  metals  in  the  temperature  range  400®-700®F* 
Two  methyl  chlorophenyl  silicones,  F-50  and  F-60  were  examined  at  500°F 
and  600°F*  N*N'-di -2-naphthyl -ja-]^enylenediamine  in  o*l  -  0*258  was  the 
most  interesting  additive*  Work  with  a  mineral  oil*  MLO  57-30*  clid  not 
reveal  additives  of  outstanding  activity*  Substances  containing  sulfur 
and  selenium  showed  promise,  but  some  attack  on  silver  and  copper* 
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The  experiences  with  four  tetra-substituted  silanes  showed  that  these 
substances  did  not  have  outstanding  response  to  additives*  A  series  of 
runs  with  a  pentaerythritol  ester,  MLO  S5-5^k*  indicate  that  ring  sub¬ 
stituted  aryl  amines  hare  considerable  antioxidant  activity  over  the  range 
400°-500®r*  Some  additional  data  for  bis-(2-ethylhexyl)  sebacete  are 
included  to  compare  the  promising  amines  with  the  phenothiazine  type* 

The  former  retain  the  inhibition  of  activity  over  a  wider  temperature 
range*  Some  attention  was  given  to  determining  the  nature  of  the  compo¬ 
nents  in  an  oxidized  diester  which  contributes  to  the  acidity*  It  appears 
that  some  improvement  may  be  achieved  in  a  partial  oxidized  fluid  by 
washing  with  hydrocarbon  solvents*  The  limitations  of  a  laboratory  test 
procedure  are  discussed,  especially  with  respect  to  the  evaluation  of  the 
effects  of  the  test  metals,  aluminum,  silver,  copper,  titanium  and  several 
steels* 


WADC  TR  53-426  Pt  IV 
ASTIA  Document  No*  AD  II8307 
OTS  Release 


May  1557 


INVESTIGATOR* 

CONTRACT: 

CONTRACTOR* 

ABSTRACT* 


SUBJECT*  ORGANO-METALLIC  AND  QRGANO-METALLOIDAL  HIGH-TEMPERATURE 

LUBRICANTS  AND  BELATED  MATERIALS 
Henry  Gilman 
Richard  D,  Gorsich 
AF  33 (616) -3510 
Iowa  State  College 

This  project  is  concerned  primarily  with  the  syntheses 
of  new  compounds  to  be  examined  as  potential  hydraulic  fluids  and  lubri¬ 
cants*  The  syntheses  and  preliminary  screening  of  organoMnetallic  and 
organo-metalloidal  compounds  has  been  extended*  New  cyclic  comfiounds 
continue  to  be  promising*  It  has  also  been  found  that  the  meta-biphenylyl 
group  can  be  added  to  those  groups  which  impart  desirable  physical  charac¬ 
teristics*  The  methyldi -benzyl silylmethyl  group  is  also  of  significant 
promise* 


In  the  experimental  part ,  there  is  included  a  table 
which  outlines  the  preliminary  screening  of  thirty-six  compounds* 

The  security  classification  of  this  report  is  unclas¬ 
sified* 


WADC  TR  53-426  Pt  V  December  1957 

ASTIA  Document  No.  AD  142211 

SUBJECT*  ORGANO-METALLIC  AND  (BGANO-METALLOIDAL  HIGH-TEMPERATURE 

LUBRICANTS  AND  RELATED  MATERIALS 
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INVESTIGATOR:  Henry  Gilman 

Richard  D.  Gorsich 
Bernard  J*  GaJ 

CONTRACT:  AF  33(6l6)-3510 

CONTRACTOR:  Iowa  State  College 

ABSTRACT:  SeTeral  novel  aynthetic  procedures  have  been  developed 

in  connection  with  studies  concerned  with  the  preparation  of  organomet* 
allic  and  organometalloidal  compounds  to  be  examined  as  potential  hydraulic 
fluids  and  lubricants*  The  pix>mising  cyclic  compoxuids  have  been  extended 
by  making  available  cyclic-^i>^  types*  Procedures  have  been  developed 
for  the  synthesis  of  non>cyclic  unsymmetrical  R3SiM  compounds*  One  of 
the  new  developments  involving  tetrahydrofuran  as  a  solvent  in  organo- 
silicon  chemistry  is  the  stepwise  introduction  of  a  wide  variety  of  B 
groups  by  reactions  between  the  Si«H  group  and  some  RM  compounds*  This 
provides  the  opportunity  of  synthesizing  R4Si  compounds,  where  all  R 
groups  may  be  unlike,  and  where  there  is  a  maximum  promise  of  obtaining 
liquids* 

The  experimental  part  contains  a  table  which  describes 
the  preliminary  screening  of  twenty-eight  compounds* 

The  security  classification  of  this  report  is  unclassified* 


WADC  TR  54-464  Pt  IV  July  1957 

ASTIA  Document  no*  AD  I30922 

SUBJECT:  DEVELOPMENT  OF  SCHEMATIC  ANALYTICAL  PROCEDURES  FOR 

SXNTHETIC  LUBRICANTS  AND  THEIR  ADDITIVES 
Part  IV*  Laboratory  Manual  for  the  Analysis  of  Synth¬ 
etic  Lubricants,  Greases  and  Their  Additives 
INVESTIGATCR:  Francis  S.  Bonomo 

Joseph  J.  E.  Schmidt 
CONTRACT:  AF  33 (6l 6) -3336 

CONTRACTOR:  Denver  Research  Institute 

ABSTRACT:  Laboratory  methods  and  techniques  for  the  analysis  of 

cexrtain  synthetic  lubricants,  greases,  and  their  additives  are  described 
in  detail,  including  drawings  and  photographs  of  equipment  when  necessary* 
As  stipulated  by  WADC.  none  of  the  methods  includes  optical  or  elaborate 
instrumental  techniques  of  analysis*  Most  of  the  methods  employ  simple- 
wet  chemical  manipulations,  or  such  techniques  as  adsorption  or  partition 
paper  or  column  chromatography*  The  individual  methods  are  nuunbered  and 
patterned  after  Federal  Test  Method  Standard  Nq,*  791* 

The  manual  is  divided  into  five  major  sections: 

(1)  Preliminary  qualitative  examination  of  the  lubricant 
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or  grease »  including  solubility*  elemental  analysis* 
identification  of  grease  type*  and  behavior  of  the 
lubricant  (or  base-oil  from  a  grease)  upon  adsorption 
on  a  column  of  silica  gel. 

(2)  (^alitative  detection  and  quantitative  determination 
of  antioxidants. 

(3)  Qualitative  detection  and  quantitative  determination 
of  corrosion  preventive  compounds. 

(4)  Separation  and  quantitative  determination  of  gelling 
agents  and  thickeners. 

(5)  Separation*  identification*  and  determination  of 
base-oils  from  lubricants  and  greases* 

In  a  number  of  instances  parts  of  existing  ASfM  methods 
have  been  incorporated  into  the  analytical  procedures*  where  applicable* 
to  avoid  the  use  of  parallel  methods  to  the  same  goal. 
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EFFECT  OF  METALS  ON  IDBRICANTS 

Part  II.  Coirrosion  and  Oxidation  Stability  at  4^0° 

Fahrenheit 

John  B.  Christian 

This  report  presents  data  which  deals  with  the  general 
silicates  and  siloxanes  have  on  various  metals;  and  the 
these  metals  have  on  the  fluids  under  severe  conditions. 


The  corrosion  and  oxidation  stability  of  a  diester 
blend*  a  siloxane*  and  a  silicate  in  the  presence  of  various  metal 
specimens  is  discussed* 
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C<M?RACT(Bs  PennsylTania  State  UniTersity 

ABSTRACTt  This  report  describes  work  carried  out  on  a  continuing 

project  directed  toward  the  development  of  improved  hydraulic  fluids 
and  Jet  engine  lubricants  for  use  in  the  high  temperature  range  of 
to  700^F.  With  few  exceptions  these  studies  are  equally  applicable  to 
hydraulic  fluids  and  jet  engine  lubricants* 

Efforts  have  been  concentrated  on  the  study  of  mineral 
oils*  hydrocarbons,  and  improved  stability  esters  for  application  to 
high  temperature  systems*  Suiwr-refining  of  mineral  oils  and  hydrocarbons 
byhydrogenation,  acid  extraction,  and  silica  gel  percolation  has  been 
shown  to  improve  materially  the  overall  quality  of  these  materials  as 
hydraulic  fluids  and  lubricants*  Selection  of  the  molecular  configuration 
of  esters  has  been  shown  to  affect  their  thermal  stability  and  hence 
their  overall  utility  as  high  temperature  fluids* 

A  number  of  new  end  improved  test  techniques  have  been 
developed  or  applied  to  the  high  temperatxire  evaluation  of  hydraulic 
fluids  and  jet  engine  lubricants*  *Ihese  tests  include:  (l)  hi^ 
temperature  density  measurement,  (2)  the  controlled  atmosphere  panel 
coker  test,  (3)  a  modified  thermal  stability  test  including  catalyst 
metals,  (4)  a  hig^  temperatuer  HUL  thin  film  oxidation  test,  and  (5) 
a  single  pass  high  temperature  lube  rig* 

A  number  of  large  scale  blends  designed  for  use  in  bench, 
mock-up,  and  actual  service  equipment  (jet  engines  and  high  temperature 
hydraulic  systems)  have  been  formulated  for  evaluation  by  WALC  and 
industry*  Used  samples  of  fluids  from  actual  tests  in  jet  engines  and 
high  temperature  hydraulic  systems  have  been  evaluated*  Results  of  these 
evaluations  offer  some  insist  into  the  actual  behavior  of  fluids  in 
service  and  the  degree  of  realism  in  various  laboratory  tests  in  policing 
fluid  quality  necessary  for  adequate  service  behavior. 

Some  additional  miscellaneous  duties  have  been  performed 
at  the  request  of  the  Wri^t  Air  Development  Center.  These  duties 
include:  (l)  distribution  of  Laboratory  reports,  (2)  fluid  formulation, 
(3)  distribution  of  standard  fluid  samples,  (4)  preparation  of  WADC 
Technical  Reports  and  papers  on  specific  topics  of  interest,  and  (5) 
eveduation  of  specific  fluid  properties* 
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John  J*  Chessick 
Albert  C*  Zettlemoyer 
CQNTEACT:  AF  33(616) -2^40 

COIOTIACTOB :  Lehigh  University 

AfiSHRACT:  lliis  project  is  aimed  at  the  determination  of  the  funda¬ 

mental  factors  in  the  formation  of  non-soap  greases,  and  the  relation  of 
these  factors  to  their  thezmial,  chemical  and  mechanical  stability*  The 
vehicle-thickener  interface  was  early  recognized  as  the  seat  of  important 
properties  in  non-soap  greases.  In  order  to  index  the  nature  and  extent 
of  this  interface,  first  the  physical  properties  of  several  oils  and  the 
surface  characteristics  of  a  variety  of  thickening  agents  were  measured* 
These  properties  of  the  oils  and  solids  were  correlated  with  the  behavior 
of  grease  systems  foimulated  with  them*  Modification  of  the  interfacial 
region  by  water  and  its  effect  on  grease  building  by  inducing  flocculation 
was  then  investigated* 

The  influence  of  concentration  and  surface  area  of  hydro- 
phobic  thickeners  on  the  consistencies  of  various  greases  was  determined 
specifically*  Above  200  n^./g*»  grease  building  varies  directly  with 
surface  area,  but  falls  off  sharply  below  this  level*  To  give  greases  of 
a  specified  consistency,  the  amounts  of  thickeners  required  varies  as 
the  square  of  their  surface  areas*  It  appears  also  that  the  effect  of 
area  is  similar  for  all  thickeners* 

Grease  consistency  was  found  to  be  directly  proportional 
to  the  amount  of  water  adsorbed  at  the  oil-thickene'r  interface  for 
hydrophilic  thickeners*  As  might  be  expected,  the  hydrophilic  thickeners 
adsorb  relatively  large  amounts  of  water  and  yield  much  larger  changes 
than  greases  built  with  hydrophobic  thickeners*  The  amount  of  water  in 
a  grease  varies  considerably  with  temperature,  amount  of  working  and  the 
relative  humidity* 

While  water  enhances  the  gel  forming  ability  of  hydro¬ 
philic  solids  in  nonpolar  vehicles,  somewhat  surprisingly,  the  opposite 
effect  is  found  for  these  solids  dispersed  in  polar  liquids  miscible 
with  water*  The  thickening  effect  of  hydrophobic  thickeners  is  not  nearly 
so  sensitive  to  the  polarity  of  the  vehicle,  since  very  little  water  is 
adsorbed  to  develop  flocculation* 

These  and  related  data  were  used  to  develop  a  mechanism 
for  the  flocculation  of  hydrophobic  and  hydrophilic  solids  in  grease 
vehicles  to  form  non-soap  gels*  Of  great  importance  was  the  finding  that 
in  gelling  pure  liquids,  the  pazisicle  size  of  the  thickener  is  more 
important  than  the  polarity  of  the  surface.  However,  in  the  presence  of 
trace  amounts  of  water,  commonly  present  under  practical  conditions, 
grease  consistency  is  strongly  dependent  on  the  polar  nature  of  the  solid 
surface*  For  thickeners  dispersed  in  oils  containing  both  water  and 
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additives  the  polarity  of  the  surface  determiiies  whether  the  water  or 
additive  will  be  preferentially  adsorbed* 

Further  studies  of  the  influence  of  heptyl  additives* 
their  benzene  analogues*  as  well  as  more  complex  additives  were  caixied 
out*  In  addition*  rheological  measurements  of  a  number  of  thickener 
solids  in  several  grease  vehicles  were  made*  The  preparation  of  arylurea 
thickeners  was  also  recently  begun*  These  studies  have  not  yet  proceeded 
to  a  point  where  a  quantitative  discussion  can  be  offered* 

Low  angle  x-ray  scattering  techniques  have  been  used  to 
study  grease  structure*  Marked  diffraction  maxima  have  been  found 
corresponding  to  spaclngs  of  the  order  of  100  to  2000  £  xinits  for  copper 
phthalc^anine  thickened  grease* 
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CONTRACT:  iff  33(6l6)-3999 

CONTRACTOR  t  Lehigh  University 

ABSSRACfEt  Rheological  measurements  of  dispersions  of  grease 

thickeners  in  pure  vehicles  or  in  vehicles  containing  water,  additives 
or  both  these  comitonents  have  been  ceorried  out*  Previous  studies  were 
made  with  the  systems  Aerosil— Plexol  201  and  Santocel  C2-paraffin  oil* 
These  types  of  measurements  have  been  extended  to  include  both  polar  and 
nonpolar  solids  dispersed  in  grease  vehicles*  The  solids  studied  now 
include  Copper  Phthalocyanine ,  G.  S.  Hydrophobic  Silica*  HiSil*  Aeirosil* 
Santocel  and  Permagel*  It  was  demonstrated  that  surface  hydrohpilioity 
auad  the  presence  of  trace  water  far  overshadows  the  Influence  of  particle 
diameter  and  shape  in  the  formation  of  gel  structure  by  solid  thickeners* 


Farther  studies  of  the  behavior  of  comnercial  additives 
have  been  made  by  measuring  the  change  in  consistency  of  a  grease  with 
increased  concentration  of  additive*  Because  of  the  very  complex  nature 
of  additive  behavior  a  fundamental  program  has  been  developed  to  leara 
more  of  this  phenomenon.  This  study  has  begun  and  includes  measurements 
of  additive  adsorption  from  solution  by  selected  solids  as  well  as  heat 
of  inmersional  wetting  measurements  of  solids  in  additive  solutions  at 
various  concentrations*  Studies  thus  far  indicate  that  the  heat  of 
solution  of  additive  in  the  grease  vehicle  and  the  heat  of  wetting  of 
the  solid  thickener  by  pure  additive  relative  to  the  vehicle  appear  to 
govern  adsorption  freon  solution*  With  Aerosil*  a  weakly  polar  solid*  the 
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heats  of  solution  of  the  additives  studied  appears  to  predominate*  and 
only  those  additives  which  dislike  the  vehicle  (high  endothermic  heats  of 
solution)  adsorb  and  fluidize  Aerosil-built  greases*  With  rutile-built 
greases,  however*  the  surface  polarity  of  the  thickener  and  consequent 
heat  of  adsorption  is  sufficiently  hi^  to  influence  adsorption  of  addi¬ 
tives  ineffective  in  Aerosil-built  greases* 

The  program  for  the  preparation  of  arylurea  thickened 
greases  has  progressed  satisfactorily*  Several  variables  have  been  found 
to  influence  the  particle  diameter  of  the  thickener  solid  formed*  These 
include  type  of  reactant*  method  of  addition  of  reactants  and  the  temper¬ 
ature  of  the  reaction*  Trace  or  larger  quantities  of  water  drastically 
increase  particle  size  of  arylurea  thickeners  prepared  in  solvents  frcan 
which  they  can  be  isolated*  The  effect  on  greases  prepared  *in  situ*  is 
believed  to  be  similar.  This  point  is  being  checked* 
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SUBJECT*  MICRO  LUBRICANT  TEST  METHODS 

Fart  VI*  Cloud  Point,  Four  Point,  and  Cloud  Intensity 
INVESTIGATCRj  John  B.  Christian 

ABSTRACT:  Miniaturized  methods  have  been  developed  for  the  deter¬ 

mination  of  cloud  point,  pour  point*  and  cloud  intensity*  The  methods 
described  herein  require  a  5~>iiilliliter  sample  for  the  three  determinations* 
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ABSTRACT*  The  objectives  of  the  work  reported  included  the  devel¬ 

opment  of  radiation  resistant  lubricants  and  a  survey  of  the  radiation 
stability  of  jet  fuels* 


Aromatic  base  materials  were  needed  in  the  lubricant 
work*  and  most  of  these  had  to  be  synthesized*  Exploratory  synthesis 
evolved  alkaryl  ethers*  alkaryl  esters*  alkylbenzenes ,  alkyl  diphenyl 
ethers*  and  diarylalkanes*  Chemical  structure  was  correlated  with  physical 

properties  and  also  with  oxidation*  thermal*  and  radiation  stability* 
Althou^  esters  were  inferior*  each  class  had  members  with  good  radiation 
stability*  Over-all*  the  alkyl  diphenyl  ethers  offer  the  most  promise  for 
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lubricant  derelOEment*  Polymers  were  also  synthesized*  These  were  used 
in  an  alkyl  diphenyl  ether  to  improre  viscosity  index  and  to  increase 
viscosity*  Compered  to  conventional  thickeners «  alkylated  poly^  «4nethyl- 
styrenes) (AP.AMS)  and  poly(alkylphenozyethyl  methacrylates)  (^£MS)  show 
promise  for  use  in  future  radiation  resistant  lubricants* 

The  grease  research  produced  CALBESEARCH  139 •  a  material 
of  enhanced  radiation  stability*  It  is  a  selenide^inhibited  alkylbiphenyl 
gelled  with  an  aromatic  salt*  Promise  of  improved  products  was  sho%in 
in  work  on  new  oils*  e*  g**  tris(phenoxyphenyl)dodecylsilane{  on  new 
gelling  agents*  e*g*t  sodium  N-j^-tolylterephthalamate  of  mixtures  of 
aromatic  salts;  and  on  new  additives*  e*g**  N*  M''-di*2~naphthyl-p«*phenyl- 
enediamine* 


Many  formulations  of  various  hydraulic  fluids  were 
evaluated  before  and  after  irradiation*  The  alkyl  diphenyl  ethers  looked 
beat  in  radiation  stability  and  in  thermal  stability  at  700^F»  CAIHE- 
SEARCH  216  evolved  from  the  foxmulation  work*  It  is  an  alkyl  diphenyl 
ether  injiibited  with  a  selenide  and  thickened  with  a  polybutene*  Chemical 
inhibitors  improved  oxidation  stability  both  before  and  after  gamma 
irradiation*  Aromatic  hydrocarbon  additives  in  MLO  8200  fluid  reduced 
viscosity  change  and  gassing  caused  by  irradiation*  This  fluid  was  shown 
to  be  usable  to  about  10^^  ergs/g  C  of  gemma  radiation*  Original  and 
irradiated  aromatic  base  fluids  operated  satisfactorily  in  aircraft 
piston  pumps  at  275*’^*  Isothermal  bulk  modulus  was  found  to  decrease 
markedly  in  a  gas-liquid  system  such  as  would  prevail  under  irradiation* 

The  alkyl  aromatics  were  found  best  as  base  materials 
for  gas  tiur-bine  oils*  Esters,  mineral  oils,  and  polyglycols  tested  were 
deficient  in  radiation  or  thermal  stability*  CAIRESEARCH  23O  was  developed 
in  the  work;  it  is  a  selenide-inhibited  alkyl  diphenyl  ether  containing  a 
petroleum  bright  stock  and  other  additives.  The  alkyl  diphenyl  ethers 
showed  good  oxidation  stability  before  and  after  irradiation*  Their 
tendency  towards  high  coking  and  low  lubricity  was  improved  by  additives* 
Irradiation  lowered  coking  in  these  bases  and  also  in  alkylbiphenyls*  In 
all  base  stocks*  foaming  increased  after  irradiation,  with  or  without 
silicone  being  present*  Coking  was  reduced  by  blending  with  high  boiling 
materials,  e.g*,  bright  stocks*  Certain  oil  soluble  dyes  showed  synergism 
with  the  beneficial  dialkyl  selenides  in  oxidation  tests* 

The  themal  stability  of  nine  let  fuels  (five  JP-4's* 
three  JP-3'3»  RP-l)  was  studied  in  the  CFR  coker*  Original  stocks 

and  samples  irradiated  for  three  different  levels  were  tested*  Low 
level  irradiation  (0*8  at  10^®  ergs/g  C)  impaired  thermal  stability* 

Higher  level  radiation  (8  x  10^®  ergs/gC)  improved  thermal  stability*  An 
equation  was  developed  by  which  it  was  possible  to  predict  increase  in 
viscosity  with  irradiation  at  any  dosage  once  a  single  dosage  point  was 
known* 
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ABSTRACT:  The  susceptibility  of  titanium  to  galling  and  seizure 

prevent  it  from  replacing  many  steel  parts  involving  sliding  contacts 
in  spite  of  the  favorable  strength-weight  ratio  of  titanium.  Particularly 
in  aircraft,  where  one  pound  of  steel  replaced  may  result  in  gains  of  up 
to  five  pounds  in  pay  load,  the  lubrication  of  moving  parts  involving 
titanium  is  an  urgent  problem.  Past  efforts  to  solve  this  problem  have 
uncovered  special  lubricants  and  various  surface  treatments  that  have 
shown  promise. 


This  investigation  sought  to  explain  the  role  of  the 
oxide  film  on  titanium,  to  obtain  some  information  about  the  frictional 
properties  of  modified  titanium  coatings,  and  to  make  a  direct  comparison 
of  the  wear  resistance  of  the  best  surface  treatment  in  the  presence  of 
various  lubricants  using  equipment  generally  acceptable  for  wear  tests 
under  conditions  of  boundary  lubrication. 

Studies  on  the  stick-slip  machine  have  shown  that  the 
oxide  layer  on  titanium  is  easily  penetrated  even  at  moderate  loads  while 
the  friction  coefficient  remains  practically  constant  through  this  trans¬ 
ition. 


Other  results  on  this  machine  show  that  moisture  normally 
present  in  air  is  an  important  factor  in  determining  the  frictional  prop¬ 
erties  of  titanium.  Although  its  effects  depend  on  both  the  treatment  of 
the  metal  and  the  lubricant  used,  generally  speaking  the  moisture  acts  as 
a  lubricant. 


Temperature  was  found  to  be  an  important  factor  in  the 
frictional  properties  evaluated  on  the  stick-slip  machine  but  its  effect 
cannot  be  predicted  even  qualitatively  without  taking  into  account  the 
surface  treatment ,  the  lubricant  and  the  test  condition. 

Tests  on  the  stick-slip  apparatus  also  showed  Halocerbon 
11-14  to  be  generally  effective  as  a  lubricant  on  both  untreated  and 
treated  titanium  surfaces. 

Studies  on  the  Shell  Four-Ball  Wear  Tester  also  showed 
Halo-carbon  II-I4  to  be  the  most  generally  effective  lubricant  on  both 
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treated  and  untreated  surfaces*  ‘Ihere  were  no  si^ificant  differences 
emong  the  wear  properties  of  untreated  me.tals  (Ti  75^*  Ti  6il  Iff, 

T1  C-130  using  Halocarbon  11-14*  Nitriding  improved  the  wear  properties 
and  generally  lowered  the  friction  coefficient  in  the  presence  of  practically 
all  of  the  lubricants  tested* 

Carburizing  improved  the  wear  and  frictional  properties  of 
Ti  75^  most  of  the  lubricants  tested*  Carburizing  Ti  6dl  47  lowers  the 
friction  coefficient  but  seems  to  be  without  effect  on  the  wear  resistance* 

Polypropylene  glycol  1025  and  Halocarbon  II-14  have 
practically  identical  frictional  and  wear  properties  for  any  of  the  nitirided 
metals*  The  same  may  be  said  for  carburized  Ti  75^^*  However  Halocarbon 
11-14  is  definitely  superior  to  i>olypropylene  glycol  1025  for  carburized 
Ti  6ai  4V. 


In  general*  it  may  be  said  that  all  the  other  lubricants 
used  were  inferior  to  Halocarbon  II-14  end  polypropylene  glycol  IO25  in 
performance  with  any  metal  surface*  Where  it  was  possible  to  compare  the 
the  performance  of  the  individual  members  of  the  inferior  group  (Nujol  * 

1%  fatty  acid  addition,  Carbowax*  di-iso-octyl  sebacate,  Versilube  F-50* 
Silicone  (Dow  F-60),  Dow  j^41  grease,  and  silicate  ester  (MLO  8200),  the 
results  showed  that  they  were  practically  equivalent* 

Bronze  sliding  against  titanium  is  an  effective  answer 
to  the  frictional  and  wear  properties  of  Ti  75^  Tor  any  lubricant  tested* 
However,  the  use  of  this  material  partially  defeats  the  objectives  for 
using  titanium  in  the  first  place* 

The  best  wear  values  listed  for  any  titanium  specimen  in 
the  best  lubricant  are  still  about  twice  as  large  as  those  found  for  steel* 
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Mrs*  Opal  M.  Fielder 
AF  33 (616) -3820 
Southwest  Reroarch  Institute 

The  Annual  Air  Force-Navy-Industry  Conference  on  Aircraft 
Lubricants  was  held  at  the  Hilton  Hotel,  San  Antonio,  Texas,  on  Ifovember 
5,  6,  and  7,  1956*  Approximately  300  representatives  from  the  Department 
of  the  Air  Force*  The  Department  of  the  Navy*  other  goveniment  agencies, 
and  the  industry,  attended*  A  total  of  3^  papers  were  reads  20  on  gas 
turbine  lubricants,  7  on  greases,  5  on  hydraulic  fluids,  and  4  on  solid 
film  lubricants* 
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July  1957 


SUBJECT*  HEGH  TEMPERATURE  WEAR  EVALUATION  TECHNIQUES  AND  DATA 

INVESTIGATCR:  Robert  J.  Benzing 

ABSTEiACT*  A  general  description  is  given  of  the  modifications 

required  to  increase  the  operating  temperature  potential  of  the  following 
four  lubricant  testers:  Shell  Four-Ball  Wear  Tester  used  for  evaluating 
the  lubricity  of  fluids;  Shell  Roll  Tester  used  to  exeuuine  the  effects  of 
mechanical  shearing  on  grease  consistency;  bearing  endurance  grease  tester 
for  evaluation  of  the  high  speed  and  high  temperature  performance  of 
greases;  and  hydraulic  fluid  pump  stand  for  determination  of  dynamic  effects 
of  circulation  on  shear  stability  of  fluids*  The  British  lAE  gear  machine* 
recently  acquired  for  evaluation  of  the  anti-scuffing  properties  of 
lubricants*  is  described* 

Lubricity  data  obtained  with  the  four-ball  tester  are 
rei>orted  for  Specification  MIL-O-5606  hydraulic  fluid  and  MIL-L-78O8 
turbine  engine  oil*  The  wear  scar  data  for  a  wide  variety  of  experimental 
fluids  are  compared  to  the  wear  patterns  for  the  two  specification 
materials* 


WADC  TR  57-177  July  1957 

ASTIA  Document  No.  AD  I30925 


SUBJECT*  ENGINE  OIL  DEVELOPMENT 

INVESTIGATOR*  C.  Lynn  Mahoney  Emmett  R.  Barnum 

William  W*  Kerlin  Earl  J.  Sax 


CONTRACT:  AF  33(6l6)-3l82 

CONTRACTOR*  Shell  Development  Company 

ABSIRACT*  Inhibited  lubricants*  made  from  ester  or  aliphatic- 

hydrocarbon  base  oils*  are  hi£^ly  sensitive  to  radiation  damage  even  in 

absence  of  oxygen*  The  effect  on  the  base  oil  itself*  measured  by  such 
properties  as  viscosity  change  or  formation  of  acidic  products,  is  generally 
relatively  small  at  radiation  doses  less  than  10"  reps*  The  antioxidant* 
however*  acts  as  a  radical  scavenger*  While  protecting  the  base  oil 
against  radiation-induced  change,  it  is  selectively  inactivated*  Loss  of 
the  antioxidant  activity  leaves  the  lubricant  unprotected  against  attack 
by  oxygen,  which  leads  to  formation  of  corrosive  materials  and  deposits* 
Degradation  products  formed  during  irradiation  of  ester  oils  also  greatly 
reduce  the  oxidation  stabilityof  inhibited  lubricants*  For  example*  a 
di-2-e.thylhexyl  sebacate  blend*  containing  0*5$  phenothiazine  as  an 
inhibitor*  had  all  antioxidant  activity  destroyed  during  irradiation  to 
5  X  107  reps  (r-rays*  ambient  temperature*  nitrogen  atmosphere)*  With  a 
NIL-L-78O8C  diester  lubricant*  eon  taining  1%  phenothiazine  and  5$  trieresyl 
phosphate*  formation  of  strong  phosphoric  acid  derivatives  accelerated  des¬ 
truction  of  the  inhibitor*  Complete  loss  of  antioxidant  activity  occurred 
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in  this  lubricant  after  irradiation  to  X07  reps*  The  strong  phosphoric 
acid  derivatives  increased  decomposition  of  the  ester*  leading  to  very 
high  deposit  levels  in  panel  coke  tests*  The  high  panel  coke  deposits 
found  with  other  irradiated  ester  lubricants  were  also  caused  by  the 
presence  of  tricresyl  phosphate* 

Auto-oxidatioh  pzx>ceeds  through  free  radical  chain 
reactions*  Therefore,  oxidation  reactions  would  be  accelerated  during 
irradiation.  The  stability  of  inhibited  oils,  in  oxidation>corrosion 
tests  conducted  in  a  7 -ray  source,  decreased  rapidly  as  the  radiation 
dose  rate  was  increased*  At  400*^  •  dose  rate  of  1*5  x  104  reps/hr 
shortened  the  stable  life  of  a  wide  variety  of  antioxidant-oil  combinations 
to  approximately  70%  of  that  obtained  in  absence  of  radiation*  When  the 
dose  rate  was  increased  to  7»2  x  lo5  reps/hr*  only  2^  of  the  original 
stability  was  retained*  In  oxidation  teats  at  dose  rates  of 

7*2  X  lo5  reps/hr,  only  125S  of  the  unirradiated  stability  was  found  for 
various  types  of  antioxidant-oil  blends.  The  stable  lives  of  all  inhibited 
lubricants  tested,  in  irradiated  oxidation-corrosion  tests  at  both  347®*" 
and  400°F,  appeared  to  be  approaching  zero  at  an  estimated  dose  rate  of 
2-5  X  10^  repa/ixr*  The  total  7  -ray  dose  absorbed  during  the  stable  life 
of  the  various  antioxidant-oil  blends  depended  on  the  relative  stability 
of  the  blend,  the  temperatvire  of  the  test  and  the  radiation  dose  rate* 
but  in  no  case  was  it  greater  than  2  x  107  reps* 

No  protection  against  antioxidant  radiation  damage  was 
found  through  use  of  radical  scavengers  or  energy  transfer  agents  (various 
iodine-containing  compounds  or  aromatic  materials).  Base  oil  damage  could 
be  reduced  through  use  of  such  materials  but  the  reactivity  of  antioxidants 
towards  radicals  was  considerably  greater  than  compounds  added  as  protectors* 

The  dialkyl  selenides  show  some  promise  for  use  with  ester 
or  hydrocarbon  base  oils  at  temperatures  and  radiation  levels  somewhat 
above  those  attainable  with  the  more  usual  antioxidants.  On  an  equal 
weight  basis,  the  dialkyl  selenides  are  sli^tly  less  effective  than 
phenothiazine  in  imparting  oxidation  stability  or  in  protecting  ester 
bass  oils  from  radiation  damage*  However,  they  can  be  used  in  much  higher 
concentrations  without  greatly  affecting  the  deposit-forming  tendency  of 
the  lubricant*  The  selenides  must  be  kept  from  contact  with  copper  and 
silver  to  avoid  corrosion  and  loss  of  activity* 

For  use  at  bulk  oil  temperatures  above  400®®"  sb  total 
radiation  doses  of  10°  reps  or  higher,  inherently-stable ,  aromatic-con¬ 
taining  materials  will  probably  be  needed*  Preliminary  work  with  specifi¬ 
cally  designed  compounds  has  been  directed  towards  determining  the  advan¬ 
tages  and  disadvantages  of  the  various  types  of  substituents  and  linkages 
that  can  be  used  with  aromatic  compounds.  Tertiary  butyl  and  carbome- 
thoxy  groups  are  promising  substituents  for  use  with  benzene  derivatives* 


WADC  TR  53-373  Sup  5 


66 


Silyl,  ether,  and  ester  groups  can  be  used  to  link 
aromatic  xuclei  without  large  reduction  in  oxidation  or  radiation  resist- 
tance*  Preliminary  eomnination  of  some  of  these  synthetic  compounds 
shows  that  their  useful  life,  determined  in  oxidation  teats  at 
would  be  at  least  10-20  times  longer  than  the  most  stable  of  the  MIL-L-78O8C 
ester  lubricants*  Additional  aromatic  derivatives  are  being  prepared  and 
examined  in  various  high  temperature  screening  tests. 


¥ADC  TR  57-199  September  1957 

ASTIA  Docvunent  No.  AD  I3IO50 

SUBJECT:  EVALUATION  OF  AN  ARYLUREA-PENTAERYTHRITOL  ESTER  GREASE 

IN  WHEEL  BEARINGS  OF  INTERNAL  TYPE  BRAKE  WHEEL  ASSEMBLIES 
INVESTIGATOR:  D.  T.  Kjerland,  2 At 

ABSTRACT:  The  use  of  Specification  MIL-L-3545  greases  in  whedl 

bearings  of  interaal  type  brake  assemblies  has  proven  unsatisfactory* 

Hi^  temperatures  encountered  in  wheel  bearings  as  the  result  of  heat 
dissipation  from  the  brakes  during  aircraft  take-off  and  landing  oper¬ 
ations  have  caused  MIL-L-3545  greases  to  run  out  of  the  wheel  bearings* 

An  arylurea-pentaerythritol  grease  (MLG-9373)  developed  by  Standard  Oil 
Company  (Indiana)  under  Contract  AF  33(038)-23687  was  subsequently  evalu¬ 
ated  in  wheel  bearings  of  laboratory  test  rigs  of  internal  type  brake 
assemblies  end  in  wheel  bearings  of  aircraft  using  the  internal  tyi>e  brake 
assembly*  Complete  physical,  chemical,  and  mechanical  laboratory  tests 
were  performed  on  MLG-9373* 

MLG-9373  greas®  gave  satisfactory  performance  in  all  the 
wheel  bearings  of  the  various  internal  type  brake  assemblies  tested  from 
-65°F  to  temperatures  in  excess  of  350®F  while  under  heavy  loads. 

Specification  MIL-L-2578O  (USAF)  has  been  written  covering 
this  type  of  grease.  In  the  near  future,  greases  qualified  under  Speci¬ 
fication  MIL-L-25760(USAF)  will  be  required  as  wheel  bearing  lubricants 
for  internal  type  brake  assemblies  and  other  wheel  bearing  applications 
requiring  a  lubricant  having  a  wider  temperature  range  than  Specification 
MIL-L-3545  greases* 


WADC  TR  57-255  September  1957 

ASTIA  Document  No.  AD  I3IO65 


SUBJECT:  NUCLEAR  RADIATION  RESISTANT  TURBINE  ENGINE  LUBRICANTS 

INVESTIGATCR:  Alfred  H.  Matuszak 


CONTRACT;  AF  33(6l6)-3l8l 


COl'^TRACTCR :  Esso  Research  and  Engineering  Company 

ABSTRACT:  This  report  covers  the  results  of  work  aimed  at  developing 

radiation  resistant  turbine  engine  lubricants.  The  work  has  been  divided 
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into  two  partst  (1)  Phase  I  covering  finished  lubricants  and  (2)  Phase  11 
covering  potential  lubricating  oil  base  stpcks*  all  screened  at  dosages  up 
to  10®  roentgens* 


In  the  Phase  1  pjrogram*  twenty-four  oils  were  screened* 
These  included  finished  or  sli^tly  modified  mineral-based  aviation  oils* 
ester-based  synthetic  lubricants  and  a  polyalkylene  glycol  mono  ether 
lubricant*  At  107  roentgens,  no  appreciable  changes  occurred  in  lubricant 
properties*  At  10®  roentgens,  certain  modifications  of  the  mineral  oils 
evaluated  showed  good  retention  of  original  physical  end  chemical  properties* 
With  unccxnpounded  oils  (Esso  Aviation  Oil  63  and  100)  borderline  perfoxmance 
was  obtained  in  the  MIL-L-7808  foam  teat  and  in  the  347®F*  oxidation-corro¬ 
sion  stability  test*  These  deficiencies  can  be  partially  overcome  throu^ 
the  incorporation  of  additives*  For  improved  oxidation-corrosion  stability, 
phenyl -alpha-naphthylamine  is  beneficial*  However,  silicones  are  not  very 
effective  in  maintaining  foam  suppression  after  irradiation*  Additional 
work  will  be  required  to  improve  the  foaming  tendencies  of  mineral  oils* 

This  work  will  be  undertaken  using  Barosa  38  as  the  base  oil  because  of  its 
slightly  better  test  performance  characteristics* 


WS-3019,  an  MIL-L-23338  type  synthetic  lubricant,  showed 
somewhat,  greater  stability  toward  irradiation  than  any  of  the  other  synthetic 
materials  evaluated*  It  retained  most  of  its  original  properties  and  gener¬ 
ally  met  the  MIL-L-23336  requirements  deviating  only  ali^tly  in  the  347®F* 
oxidation-corrosion  stability  test.  It  exhibited,  however,  an  undesirable 
flash  point  degradation  (from  450  *0  355^*  after  lo8r)  which  can  be 
attributed  to  a  small  amount  of  irradiation-produced  contaminants* 


A  third  oil,  LO-2062,  an  MIL-L-78O8  type  adipate  oil  was 
indicated  to  have  some  promise  providing  its  copper  corrosion  tendencies 
after  irradiation  can  be  corrected*  The  addition  of  about  1^  tricresyl 
phosphate  appears  to  offer  a  possible  fix  for  improved  stability  up  to 
gBtnmw  dosages  of  10®  roentgens*  The  effect  of  tricresyl  phosphate  in 
reducing  copper  corrosion  at  higher  dosages  will  be  investigated* 

In  the  Phase  II  program  twenty-three  base  stocks  of 
varying  chemicsil  structures  were  screened  at  10'  ^d/or  10  roentgens* 

As  in  the  case  of  Phase  I  lubricants  the  Phase  II  lubricant  base  stocks 
were  evaluated  agadnst  Military  specification  tests,  notably  MIL-L-7808 
and  MIL-L-9236,  The  most  attractive  materials  evaluated  were  the  inhibited 
mineral  oil  base  stocks  of  which  Barosa  36,  a  paraffinic  base,  is  represen¬ 
tative*  Evaluation  of  this  material  at  higher  gamma  dosages  (3  x  10®  and 
10?  roentgens)  is  contemplated*  A  sample  of  this  base  stock  has  been 
sent  to  WADC  for  more  extensive  laboratory  and  engine  evaluations* 


In  the  ester  field,  di-tridecyl  carbonate  appeared  to  be 
the  most  resistant  to  10®  roentgens*  It  esdiibited  good  retention  of 
physical  properties  but  showed  moderately  hi^  panel  coking  deposits* 
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Additional  work  is  planned  with  other  carbonates  at  hi^er  screening 
dosages*  Higher  flash  diesters,  such  as  di-tridecyl  adipate*  azelate 
and  sebacate  also  shoved  promise  of  approaching  a  reasonable  resistance 
to  10°  roentgens^  Their  tendency  to  corrode  copper  and  magnesium  will 
require  some  additional  attention*  In  this  connection,  the  ameliorating 
effect  of  tricresyl  phosphate  will  be  investigated. 

In  the  future  program  this  initial  effort  to  develop  a 
radiation  resistant  lubricant  will  be  expanded  to  include  the  evaluation 
of  other  synthetic  and  petroleum  type  finished  oils  and  base  stocks* 
Particular  stress  will  be  pieced  on  higher  flash  base  stocks,  many  of 
which  are  available  commercially*  Others  may  have  to  be  synthesized* 

Any  promising  materials  ccaning  out  of  this  screening  program  will  be 
tested  at  higher  gamma  dosages*  The  most  attractive  base  stocks  will  then 
be  blended  into  finished  oil  formulations  and  finally  evaluated  further 
as  radiation  resistant  engine  lubricants* 


¥ADC  TR  57-283  July  I957 

ASTIA  Document  No*  AD  I30902 
OTS  Release 

SUBJECT:  EVAIDATIC®!  OF  ANTI-WEAR  AND  EXTREME  PRESSURE  CHARAC¬ 

TERISTICS  OF  NEW  HETEROCYCLIC  COMPOUNDS 
INVESTIGATCB :  Robert  J*  Benzing 

ABSTRACT:  A  series  of  nineteen  compounds  were  studied  as  possible 

anti-wear  additives  or  extreme  pressure  additives*  The  materials  were 
evaluated  in  Dl(2-ethylhezyl) sebacate  in  the  Shell  Four-Ball  Wear  Tester 
and  Shell  Extreme  Pressure  Tester. 

The  basic  types  studied  were  compounds  of  heterocyclic 
structure  containing  one  or  more  of  the  following  heteroatoms:  nitrogen, 
oxygon*  selenium  and  sulfur*  Some  gave  promise  as  good  wear  and  extreme 
pressure  additives* 


WADC  TR  57-455  February  1956 

ASTIA  Document  No*  AD  I50982 
OTS  Release 


SUBJECT: 

INVESTIGATCR: 

CONTRACT: 

CQNTRACTCR: 


HIGH  TEMEERATURE  SOLID  DRY  FILM  LUBRICANTS 
Melvin  T.  Lavik 
AT  33(6i6)-3684 
Midwest  Research  Institute 


ABSTRACT:  This  repoz*t  covers  the  development  and  evaluation  of  a 

dry  lubrication  test  machine  and  the  testing  of  several  dry  film  lubri¬ 
cants*  In  order  to  meet  the  very  high  temperature  and  pressure  require¬ 
ments  currently  placed  on  lubricants  in  the  aircraft  industry,  it  was 
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necessary  to  devise  a  suitable  test  instrument.  The  first  part  of  this 
program  was  spent  in  designing,  constructing  end  calibrating  such  a 
device  capable  of  testing  dry  film  lubricants  at  pressures  as  high  as 
50.000  psi  and  at  temperatures  up  to  800®F.  Several  minor  revisions  have 
been  made  during  the  program  leading  up  to  the  machine  as  reported  here. 

Several  conmercial  dry  film  lubricants  and  also  some 
materials  prepared  at  the  Institute  were  investigated  for  both  friction 
coefficient  and  wear  life  at  the  various  temperatures  end  pressures 
available  with  the  test  machine.  In  general,  the  materials  worked  with, 
while  effecting  reasonable  lubrication,  did  not  exhibit  the  w^ar  life 
which  is  desired.  The  lubricant  properties  of  several  materials  are 
discussed  in  this  report,  with  the  discussion  serving  mainly  to  point 
out  areas  in  which  further  information  is  needed  to  realize  the  full 
benefits  available  from  these  materials. 


MATERIALS  PHYSICS 


WADC  TR  56»4  Pt  I  Septeniber  1957 

ASTIA  Document  No.  AD  I3IO96 


SUBJECT:  THE  THEH'^ODYNAMIC  PROPERTIES  OF  MOLTEN  SALTS: 

Part  I.  Molybdenum  Hexafluoride 
INVESTIGATOR:  A.  P.  Brady 

J.  K.  Clauss 
0.  E.  %er3 


CONTRACT:  AF  33(6l6)-2558 

CONTRACTOR:  Stanford  Research  Institute 

ABSTRACT:  Assembling  and  testing  of  apparatus  for  measuring  heat 

capacities  from  about  5®*^  to  room  temperature  has  been  completed,  including 
calibration  of  thermocouples  by  comparison  with  a  platinum  resistance 
themometer  and  with  a  copper  one.  This  apparatus  has  been  used  to  deter¬ 
mine  the  absolute  entropy  of  molybdenum  hexafluoride  vapor  at  298.16*^. 

The  result.  79.7  ±  0.6  cel/raole.deg,  agrees  well  with  that  calculated  fro®, 
its  spectrum,  80.05  calAole»deg,  A  previously  unreported  solid-solid 
transition  was  found  to  occur  at  263.6^  solution  calorimeter 

has  also  been  assembled  and  tested.  By  comparison  of  the  heat  of  solution 
in  sodium  hydroxide  of  molybdenum  hexafluoride  with  that  of  the  oxide,  the 
heat  of  formation  of  MoF^  (l)  at  298.l6°K  was  found  to  be  -390.9  kcal/mole. 
From  these  values  the  corresponding  standard  free  energy  of  formation  is 
computed  to  be  -363 .1  kcal/mole.  These  data,  together  with  date  in  the 


WADC  TR  53-373  Sup  5 


70 


literature (  have  allowed  calculation  of  the  desired  thermodynamic  functions 
ovar  the  temi)erature  range  of  interest# 


WADC  TR  56-4  Pt  II  September  I937 

^TI A  Document  No.  iff)  I3IO97 


SUBJECT:  THE  THERMODYNAMIC  PROPERTIES  OF  MOLTEN  SALTS: 

Part  II*  Tungsten  Heaafluoride ,  Niobium  Pentafluoride, 
and  Vanadium  Trifluoi'ide 
INVESTIGATOR:  Orlo  £.  layers 


CONTRACT:  AF  33(6l6)-2358 

CONTRACTOR:  Stanford  Research  Institute 

ABSTRACT:  Assembly  and  adjustment  of  apparatus  for  measuring  enthalpies 

from  50  to  1200®C  has  been  completed*  A  new  solution  calorimeter  suitable 
for  use  with  metallic  ampoules  for  measurements  with  fluorides  has  been 
constructed*  An  improved  low  temperature  calorimeter  has  been  built  with 
the  aid  of  electroforming  techniques*  This  equipment  has  been  used  in 
con jvmction  with  low  temperature  equipment  previously  described  to  ‘obtain 
thermodynamic  data  for  the  following: 


Tungsten  hexafluoride  vapor  (from  heat  of  solution  and  spectra): 


^  298*16 

^®’fom.  298*16 

^98*16 


•416*3  kcal/mole 
•394*8  kcal/mole 
81*75  cal/mole*deg 


Niobium  pentafluoride  (from  heat  capacity*  enthalpy*  and  heat  of  solution): 


^«fom,  298.16 
^®’fom.  298*16 
^  %98*i6 

^  fusion 


>431  kcal/mole 
•404  kcal/mole 
38*30  cal/mole *deg 
2*92  kcal/mole 


Vanedixun  trifluoride  (from  heat  capacity  and  enthalpy): 


^298,16  =  23*05  cal/mole ^eg 

Excellent  agreement  was  found  between  the  last  entropy 
and  the  predicted  value  from  the  theory  of  the  late  Prof*  Latimer  concerning 
the  summation  of  ionic  entropy  contributions*  Values  of  the  above  prop¬ 
erties  at  temperatures  up  to  1400®K  have  been  calculated  when  possible  or 
estimated  from  experimental  data  and  standard  methods* 
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WADC  TR  56-19  Pt  I 

ASIIA  Document  No.  AD  I3O855 

OTS  Release 


June  1957 


SUBJECT:  ANALYSIS  OF  FLUCRINATED  CfiGANO-METALLICS 

Pert  I  -  Determination  of  Fluorine  end  Silicon  in  Organic 

Fluoro-Silicon  Compounds 
INVESTIGATCSi:  Otto  Schwarzkopf 

Rosemarie  Heinlein 
Nora  £.  Srp 

CONTRACT:  AF  33(6l6)-3067 

CONTRACTOR:  Schwarzkopf  Microanalytical  Laboratory 

Materials  Laboratory 

ABSTRACT:  Development  of  analytical  methods  to  determine  fluorina 

and  silicon  in  organic  fluoro-silicon  compoimds  was  the  object  of  this 
project.  A  method  having  a  precision  of  t  1%  for  fluorine  and  t  0,7% 
for  silicon  was  developed.  The  test  sample  is  reacted  with  potassium  metal 
in  a  pure  nickel  bonib  heated  to  630*^C  for  two  hours.  The  fusion  mixture  is 
dissolved  in  water  and  after  filtering,  fluorine  is  precipitated  as  PbClF 
and  filtered.  The  filtrate  containing  silicon  is  used  for  the  detexmination 
of  silicon  in  the  form  of  Si02. 

This  method  needs  more  testing  with  a  variety  of  organic 
fluoro-silicon  compounds. 


¥ADC  TR  56-19  Pt  II  June  I957 

ASTIA  Document  No.  AD  I3078I 
OTS  Release 

SUBJECT:  ANALYSIS  OF  FLUORINATED  (KGANO-METALLICS 

Part  II.  Determination  of  Fluorine.  Boron  and  Silicon 

in  Organic  Fluoro-Silicon  or  Fluoro-Boro-Silicon 
Compoimds 

INVESTIGATCR:  Otto  Schwarzkopf 

Rosemarie  Heinlein 
CONTRACT:  AF  33(6l6)-3552 

CONTRACTOR:  Schwarzkopf  Microanalytical  Laboratory 

ABSTRACT:  Development  of  analytical  methods,  for  the  detexmination 

of  the  elements  silicon,  fluorine  and  boron  present  in  organic  compounds 
containing  two  or  three  of  the  elements  mentioned,  was  the  object  of  this 
project. 

For  the  determination  of  fluorine  and  silicon  present  in 
organo-fluoro-silicon  compounds  a  method  has  been  devised  wherein  fluorine 
is  determined  as  PbClF  and  silicon  as  Si02  ii^  the  filtrate  from  PbClF. 
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A  more  satisfactory  method  was  the  determination  of 
fluorine  as  FbClF  and  the  determination  of  silicon  as  oxine-silicomolybdate* 
It  was  i)ossible  to  determine  silicon  either  in  the  presence  of  fluorine 
after  converting  fluorine  to  fluoboric  acid,  or  to  precipitate  PbClF  and 
determine  silicon  in  the  filtrate. 

The  three'  methods  w^e  tested  with  a  variety  of  test 
samples.  The  preferred  method  is  the  determination  of  fluorine  as  FbClF 
and  the  determination  of  silicon  as  oxine  salt  of  silicomolybdic  acid  after 
conversion  of  fluoride  to  fluoborate.  The  precision  of  this  method  was 
foxmd  to  be  i  0.3%  (absolute). 

The  presence  of  boron  did  not  interfere  in  the  determination 
of  fluorine  or  of  silicon  carried  out  by  the  above  mentioned  method. 

While  silicon  was  without  influence,  fluorine  interfered 
in  the  usual  determination  of  boron  by  the  boric  acid  mannitol  titration 
method.  Fluoride  end  boric  acid  react  in  acid  medium  forming  fluoboric 
acid.  This  reaction  made  it  impossible  to  eliminate  carbon-dioxide 
completely  prior  to  the  addition  of  mannitol.  The  first  neutralization 
endpoint  was  uncertain  and  hi^  results  for  boron  were  the  consequence. 

Satisfactory  results  were  obtained  in  the  following  manner. 
Fluorine  is  precipitated  as  PbClF  at  and  filtered.  To  the  filtrate 

sulfuric  acid  is  added  precipitating  the  excess  lead  and  bringing  the  pH 
below  1^=1.  The  aqueous  solution  is  concentrated  in  a  distilling  apparatus. 
Volatile  week  acids  -  organic  and  inorganic  are  distilled  and  the  distillate 
is  discarded.  Methanol  is  added  to  the  residue  and  by  keeping  the  water 
content  low,  boric  acid  is  converted  into  methylborate  which  is  distilled, 
hydrolized  by  NaOH  and  titiated  by  the  mannitol  titration  method. 


WADC  TN  56-183  July  1957 

ASTIA  Document  No.  AD  I30926 


SUBJECT*  THE  CONSOLIDATED  ANALYTICAL  MASS  SPECTROMETER  AND  ITS 

APPLICATIONS 
INVESTIGATOR*.  George  Hovan 

ABSTRACT*  The  mass  spectrometer  principle  of  separating  ionized 

molecules  according  to  their  mass  forms  the  basis  of  one  of  todays*  most 
effective  methods  of  analyzing  highly  ccmiplex  gas  or  liquid  mixtures. 
Routine  control  analyses,  purity  determinations,  ejqploratory  analyses, 
and  fundamental  research  investigations  are  all  proven  applications  of 
the  analytical  mass  spectrometer. 
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The  scope  is  extremely  broad  as  low  vapor  pressure  materials 
can  be  analyzed  by  using  the  heated  sample  inlet  at  temperatures  up  to 
150®C«  ikn  overall  range  of  1  to  700  mass  units  is  provided  for  use  by  the 
oi>erator«  High  sensitivity  detects  impurities  in  concentrations  as  low  as 
5  ppm*  Sample  size  can  be  as  little  as  0*1  ml  gas  and  less  then  0*001  cc 
liquid*  Deviation  normally  is  within  the  range  of  0*05  to  1*0  mol  per 
cent  and  usuelly  less  than  might  be  expected  from  most  other  methods  of 
wialysis* 


The  instrument  described  in  this  report  is  the  Consolidated 
Electrodynamics  Corporation  (CEC)  180®  Analytical  Mass  Spectrometer*  Details 
regai*ding  the  scope*  theory  of  operation*  and  various  applications  of  the 
mass  spectrometer  are  included* 


WJiDC  TN  56-191  Pt  I  June  1957 

ASTIA  Document  No.  AD  I30864 
OTS  Release 

SUBJECT  I  CALCULATION  OF  THE  RADIATK®!  DOSE  EELIVERED  BY  BETA. 

EMITTING  ISOTOPES 

Part  I  -  Point  and  Thin  Plane  Sources  in  Air 
INVESnOATORi  Edward  A*  Burke,  l/Lt 

i^SXRACT:  This  report  is  the  third  in  a  series  concerned  with  the 

development  of  methods  for  calculating  the  radiation  dose  delivered  by 
beta  emitting  isotopes*  This  report  extends  the  basic  equations  previously 
developed  for  all  beta  emitting  isotopes*  The  publication  by  R*  Loevinger 
of  extensive  experimental  data  on  beta  isotopes  has  been  a  major  factor 
in  making  the  present  study  possible  since  the  equations  developed  are 
empirical  and  depend  solely  upon  such  data  for  their  validity* 

An  empirical  function  for  the  dosage  distribution  around 
a  point  source  of  phosphorous  -32  presented  in  WADC  TN  5^-101  has  been 
extended  to  include  all  other  beta  emitting  isotopes  and  found  to  be  in 
excellent  agreement  with  available  experimental  data* 


WADC  TR  56-436  March  I958 

ASTIA  Document  No*  AD  I5IO8I 


SUBJECT*  THE  RETENTION  OF  FISSION  PRODUCTS  BY  SOILS  UNDERLYING 

THE  NUCLEAR  ENGINEERING  TEST  FACILITY  AT  WADC 
INVESTIGATCR:  Bruce  Raby 

Dr.  George  John 
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hBSTBACTt  This  report  primarily  concerns  the  retention  of  fission 

products  by  soils  underlying  the  site  for  the  Nuclear  Engineering  Teat 
Facility.  The  purjjose  of  the  study  was  to  provide  some  data  which  would 
be  of  value  in  planning  for  the  contingency  of  a  reactor  “run-away"  and 
for  possible  seepage  of  contaminated  water  during  normal  operation. 

Three  types  of  experiments  were  conducted:  (l)  total 
capacity  studies  of  the  soils.  (2)  equilibrivun  sorption  of  ions  by  the 
soil  in  a  static  system,  and  (3)  elution  of  ions  from  the  soil  by  water. 
These  experiments  were  of  an  e:Q)loratory  nature,  and  although  not  complete, 
do  give  an  indication  of  the  soils's  ability  to  retain  various  fission 
products.  However,  on  the  basis  of  the  few  experiments  performed,  it  is 
possible  to  provide  only  qualitative  information  and  to  indicate  the 
direction  and  extent  of  future  studies. 


WADC  TB  56-455  June  I957 

ASTIA  Document  No.  AD  I30797 
OTS  Release 

SUBJECT:  STUDIES  OF  QUANTITATIVE  METHODS  FOR  THE  SEPARATia'I  AND 

DETERMINATION  OF  ZIRCONIUM  AND  THORIUM  IN  MAGNESIUM 
ALLOYS 

INVESTIGATOR:  B.  A.  Raby,  l/Lt 

ABSTRACT:  This  paper  describes  the  results  of  a  comparative  study 

of  analytical  methods  suitable  for  the  determination  of  thorium  and 
zirconium  in  magnesium  base  alloys. 

In  addition,  this  paper  describes  an  attempted  amalgam¬ 
ation  of  selected  analytical  methods  and  ion  exchange  techniques  into  a 
scheme  for  the  quantitative  analysis  of  thorium  and  zirconium  in  these 
alloys.  Manganese  and  zinc,  common  constituents  of  magnesivim  base  alloys, 
were  carried  in  the  ea^eriments,  but  only  to  study  their  interference  in 
the  proposed  scheme. 

The  sample  is  dissolved  in  12N-HC1  and  the  resulting 
solution  is  percolated  through  a  column  containing  Dowex  2-JS  anion 
exchange  resin.  Magnesium  and  thorium  pass  through  the  column  while 
zirconiim,  zinc,  and  maganese  are  absorbed.  The  latter  elements  are 
removed  by  eluting  the  column  with  water.  The  thorium  and  zirconium  in 
the  separated  fractions  can  be  determined  by  means  of  the  complexcmetric 
titration  methods  described  by  J.  S.  Fritz. 


WADC  TR  53-373  Sup  5 


75 
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ASTIA  Document  M6«  AD  I308OI 

OTS  Release 


June  1957 


SUBJECT:  ELECTRICAL  PROPERTIES  OF  IRRADIATED  POIXMERS 

INVESTIGATOR :  Ralph  E .  Woodard 

ABSTRACT:  A  brief  discussion  is  giren  of  the  electronic  nature  of 

solids  as  it  applies  to  insulators  and  then  polymers*  The  fundamental 
theory  of  nuclear  radiation  effects  is  discussed  and  shown  to  be  associated 
with  the  laws  of  energy  dissipation  of  these  radiation  particles  within  a 
material*  A  survey  is  given  on  the  role  that  nuclear  radiation  plays  in 
polymer  kinetics*  Work  of  various  investigators  on  the  electrical  proper¬ 
ties  of  irradiated  polymers  is  reported*  An  analogy  is  drawn  between 
photoconductivity  in  semi-conductors  and  nuclear  radiation  induced  conduc¬ 
tivity  in  certain  polymers.  The  instantaneous  nature  of  this  induced 
conductivity  is  emphasized*  The  change  produced  in  the  dielectric  constant 
of  an  irradiated  polymer  is  considered  in  terms  of  cresslinking  and  dipole 
moments*  A  survey  is  included  of  the  available  engineering  data  for  irrad¬ 
iated  polymers.  Factors  affecting  radiation  to  the  electrical  properties 
of  two  tetraarylmonosilanes  is  given* 


WADC  TR  56-515  February  I958 

ASTIA  Document  No.  AD  142343 
OTS  Release 


SUBJECT:  EFFECTS  OF  GAMMA  RADIATION  ON  LINEAR  POLYETHfLENE 

INVESTIGATOR:  William  B.  Terrell.  Captain 

Jack  T.  Humphries.  l/Lt 

ABSTEIACT:  Linear  polyethylenes  have  recently  been  developed  which 

have  empirical  chemical  formulae  identical  to  those  of  common  polyethy¬ 
lenes.  but  which  differ  in  the  molecular  arrangement  of  the  polymer  chain. 
The  physical  properties  of  two  linear  polyethylenes  were  measured  before 
and  after  gamma  irradiation  to  afford  a  comparison  with  conventional 
polyethylene • 


Measurements  were  made  of  the  following  properties  as 
functions  of  total  radiation  dosage  up  to  10^  roentgens:  tensile  strength, 
elongation,  hardness,  impact  strength,  specific  gravity,  water  absorptiion, 
heat  distortion  temi)erature ,  dielectric  constant,  arc  resistance,  color, 
and  infrared  absorption*  In  addition,  densities  were  determined  as 
functions  of  both  radiation  dosage  and  temperature* 
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ASTIA  Document  No.  AD  II8062 
OTS  Release 
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SUBJECT:  MEASUREMEWT  OF  RADON  GAS  IN  CYLINDRICAL  IONIZATION 

CHAMBERS 

INVESTIGATOR:  Edward  A.  Burke,  l/Lt 

ABSTRACT:  Three  of  the  fundamental  problems  encountered  in  the 

mea®ireirjent  of  radon  gas  using  cylindrical  ionization  chambers  are  dis¬ 
cussed  and  solutions  presented.  These  are:  variation  of  ionization 
ciirrent  with  short  half-life  radon  daughters,  effect  of  dielectric  ab¬ 
sorption,  and  calibration  of  the  ionization  chamber. 


WADC  TR  56-62'5  July  1957 

ASTIA  Document  No,  AD  I3IO3O 

SUBJECT:  DEVELOHVIENT  OF  A  TRITIUM  IMPREGNATED  METAL  FOR  USE  AS 

THE  ACTIVATOR  IN  A  SELF-LUMINOUS  PHOSPHOR  AND  FOR  USE 
AS  AN  IONIZATION  SOURCE 

INVESTIGATOR:  D.  L.  Prosser  J.  G.  MacHutchin 

C.  H.  Wri^t  H.  H.  Dooley 

J.  E.  Atherton 

CONTRACT:  AF  33(6l6)-3036 

CONTRACTOR;  United  States  Radium  Corporation 

ABSTRACT:  A  descaription  of  the  methods  and  equipment  used  in  the 

preparatibn  of  tritiated  foils  is  presented.  The  results  of  the  ezjjer- 
imentel  studies  indicate  that  maximum  beta  emission  is  obtained  from 
extremely  thin  layers  of  titanium  tritide  which  have  been  prepared  on 
the  surface  of  sandblasted  stainless  steel  backing  foils, 

Phosphor  response  studies  have  indicated  that  the  main 
factors  effecting  the  response  of  ZnS  type  phosphors  to  tritium  beta 
radiation  are  (a)  phosphor  particle  siae  (b)  type  and  concentration  of 
activator  and  (c)  cadmium  content. 

Six  research  models  of  tritiiun  foil-activated  self-ltnni- 
nous  sources  have  been  prepared  for  submission  to  WADC,  A  description 
of  the  research  models  is  provided. 
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ASTIA  Document  No.  AD  I3IO32 
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SUBJECT:  MEASUREMENTS  OF  THE  THERMAL  PROPERTIES  OF  VARIOUS 

AIRCRAFT  STRUCTURAL  MATERIALS 
INVESTIGATOR;  Perry  C.  Covington 
Sabert  Oglesby,  Jr. 
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CONTRACT:  AF  33(6l6)-3328 

CONTRACTCB:  Southern  Research  Institute 

ABSTRACT:  This  report  describes  the  measurements  of  the  thermal 

properties  of  a  group  of  structural  panels  and  cores*  Thermal  expansion, 

thermal  conductivity,  and  specific  heat  were  determined  for  three  honey¬ 
comb  cores,  one  foamed-core  sandwich  panel,  one  laminated  panel,  and  five 
sandwich  panels  with  various  honeycomb  cores  and  facing  materials*  In 
addition,  thermal  conductivity  determinations  were  made  for  two  silicone- 
resin  laminates  to  establish  a  check  for  data  previously  reported  on 
these  panels* 


The  equipment  and  procedures  used  in  these  thermal 
property  determinations  are  essentially  the  same  as  described  in 
WADC  TO  Parts  I  and  II  with  the  exception  of  additional  components 

necessary  to  obtain  temperatvires  below  ambient  temperature* 


WADC  TO  57-92  July  I957 

ASTIA  Document  No.  AD  I30920 
CTS  Release 


SUBJECT:  EXPANSION  CHARACTERISTICS  OF  MARLBX  20  AND  MAKLEX  50 

INVESTIGATOR:  Hyman  Marcus 

Frank  V.  Zaleaki,  Capt. 

ABSTRACT:  A  suitable  technique  was  developed  for  volume  dilatometry 

of  plastic  materials  and  the  thermal  behavior  of  two  commercial  linear 
polyethylene  plastics,  Marlex  20  and  Marl  ex  30*  observed* 


The  technique  consisted  of  sealing  a  test  sample  in  a 
glass  tube  with  mercury  as  the  confining  fluid*  The  change  in  volume  of 
mercury  as  evidtocedi  by  its  rise  in  a  capillary  tube  was  noted  at  dif¬ 
ferent  temperatures*  The  volume  expansion  of  the  test  sample  was  cal¬ 
culated  from  the  known  expansivities  of  glass  and  mercury* 


The  dilatometers  used  were  immersed  in  an  electrically 
heated  oil  bath  equipped  with  a  motor  driven  stirrer  to  insure  a  uniform 
temperature  distribution* 

Test  data  were  obtained  for  a  series  of  six  samples  of 
each  material ,  each  series  containing  one  non-irradiated  sample  and  five 
samples  which  had  received  increasing  doses  of  gamma  radiation  at  the 
Materials  Test  Reactor  Facility*  The  doses  were  of  the  values  10°r, 

10 'r,  10  r,  3  *  10®r,  and  109r  for  the  irradiated  samples* 
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ASTIA  Document  No.  AD  I42066 

OTS  Release 


October  1957 


SUBJECT:  X-RAY  DIFFRACTION  STUDY  OF  CRYSTALLINE  SILANES 

INVESTIGATOR:  W.  L,  Bavm,  l/Lt 

ABSTRACT:  X-Ray  Diffraction  patterns  for  nineteen  <n:ystalline 

silanes  are  presented.  These  compounds  are  of  interest  because  of  their 
high  thermal  stability  and  low  vapor  pressure.  They  are  particularly 
well  suited  for  X-Ray  Diffraction  analysis  because  of  their  crystalline 
nature  and  the  individualistic  pattexns  obtained. 
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ASTIA  Document  No.  AD  I30857 
OTS  Release 

SUBJECT;  A  COMPARISON  OF  HIGH-ENERGY  ELECTRON  AND  GAFJMA  IRRADIATION 

EFFECTS  ON  ORGANIC  LIQUIDS 
INVESTIGATOR;  Edwin  L.  Zebroski 

Edwin  M.  Kinderman 
CONTRACT:  AF  33(6l6)-3738 

CCNTRA.CTOR:  Stanford  Research  Institute 

ABSTR4CT:  It  has  been  proposed  that  high-energy  electron  irradiation 

be  substituted  for  gamma  irradiation  in  testing  the  radiation  resistance 
of  aircraft  materials,  components,  and  systems.  To  determine  the  feasi¬ 
bility  of  the  proposal,  the  effects  of  electron  and  ganana  radiation  on 
selected  organic  liquids  were  compared.  Results  of  this  study  and  the 
experimental  work  reported  by  others  indicate  that  there  is  qualitative 
similarity  between  electron  and  gamma  radiation  effects  on  simple  compounds. 
Some  differences  in  quantitative  yields  are  observed,  but  these  may  be  a 
result  of  differences  in  time  of  irradiation  rather  than  of  differences  in 
radiation  type. 


WADC  TN  57-207  December  1957 

ASTIA  Document  No.  AD  142179 
OTS  Release 

SUBJECT:  STANDARD  INSTRUMENTATION  TECHNIQ,UES  FOR  NUCLEAR 

ENVIROI'MENTAL  TESTING 
INVESTIGATOR:  Walter  R.  Burrus,  l/Lt 

ABSTRACT:  The  ANP  Advisory  Committee  for  Nuclear  Measurements  and 

Standards  was  established  to  standardize  nuclear  measurements  for  all 
Air  Force  programs  supporting  the  development  of  nuclear  weapon  systems. 
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The  first  phase  of  this  Committee's  effort  is  nearly  complete  and  is 
concerned  with  the  standardization  of  nuclear  measurements  for  radiation 
damage  studies*  This  Te:chnicel  Note  presents  and  discusses  Committee 
recommendations  for  standardizing  radiation  damage  measiorements*  A 
minimum  number  of  measurements  were  selected  which  can  provide  a  consis¬ 
tent  basis  for  comparison  of  experiments  and  correlation  of  data*  A 
measxirement  of  "absorbed  dose”  in  carbon  is  recommended  as  the  minimum 
measurement  of  the  gamma  radiation  field*  In  addition,  determination  of 
the  activation  of  U-238*  Pu-239  (boron  shielded)  aid  sulphur  is  recommended 
as  the  minimum  measurement  for  neutron  radiation*  Consistent  units  and 
symbols  for  reporting  these  measiu'ements  are  recommended*  Additional 
techniques  will  be  recommended  in  the  futiire* 


WADC  TH  57-212  September  I957 

ASTIA  Document  No.  AD  I3IO63 
OTS  Release 


SUBJECT*  X-RAY  EMISSION  LINES  AND  29  VALUES  FOR  LITHIUM  FLUORIDE 

ANALYZING  CRYSTAL 
INVESTIGATCe:  W.  L.  Baun 

R.  E.  Brocklehurst 

ABSTRACT*  A  complete  table  of  x-ray  emission  lines  and  20  values, 

using  a  lithium  fluoride  analyzing  crystal,  is  presented.  This  table 
includes  all  the  lines  of  the  K,  L,  and  M  series,  order  1  to  order  9» 
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ASTIA  DOCUMIiOT  NO.  AD  I42O93 
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SUBJECT*  MEASUREMENT  OF  THERMAL  DIFFUSIVITY  OF  VARIOUS  MATERIALS 

BY  MEANS  OF  THE  HIGH  INTENSITY  ELECTRIC  ARC  TECHNIQUE 


INVESTIGATOR:  Charles  Sheer  Donald  L.  Rothecker 

Lawrence  H.  Mead  Leonard  H.  Johnson 


CONTRACT*  AF  33(6l6)-3669 

CONTRACTCR:  Vitro  Laboratories 

ABSTRACT*  Studies  have  been  made  of  the  tail  flame  of  a  high-in- 

tensity  electric  ere  to  determine  its  suitability  as  a  medium  for  testing 
materials  under  sustained  high-temperature  gaseous  flow.  The  first  year 
effort  reported  herein  centered  on  the  establishment  of  an  electrode 
geometry  for  stable-  operation,  measiirements  of  the  temperature  end  velo¬ 
city  distribution  in  the  tail  flame  at  varying  ambient  pressures,  and 
qualitative  observations  of  the  electrodynamic,  magnetic  and  thermodynamic 
properties  of  the  tail  flame. 
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The  electrode  geometry  glTing  optimum  flame  stability 
consists  of  a  triple  cathode  arrangement  symmetrical  with  respect  to 
the  anode*  A  somewhat  less  favorable  configuration  utilizes  a  single 
cathode  forming  an  acute  angle  with  the  anode  axis* 

The  axial  temperature  distiribution  in  the  tail  flame 
was  measured  by  spectral  line  reTeraal  technique  for  toaperatures  below 
3200*^,  and  by  spectral  band  analysis  above  this  temperature*  The  data 
obtained  by  line  reversal  show  that  the  temperature  decreases  with 
decreasing  ambient  pressure  and  increasing  distance  from  the  crater* 

The  spectrographic  data  axe  currently  in  the  process  of  reduction* 

Flame  velocity  was  measured  by  a  modification  of  Rohloff's 
method*  involving  a  temporary  interruption  of  the  arc  and  observation  of 
the  downstream  propa^tion  of  the  resulting  disturbance  by  hi^-speed 
cinematography*  The  velocities  measured  thus  far  were  47*  78  bjoA  I50 
m/sec  at  pressures  of  1*0*  0*5  end  0*1  atmospheres*  respectively*  The 
increase  of  velocity  with  decreasing  pressure  is  in  general  accordance 
with  classical  laws  although  the  variation  here  appears  to  be  less  than 
linear*  probably  due  to  an  increase  in  flame  diameter  with  decreasing 
pressure* 


Miscellaneous  eo^loratoxy  observations  have  shown  the 
tail  flame  to  be  markedly  diamaghetic  and  to  possess  a  statistical  dipole 
distribution  of  positive  ions  and  free  electrons*  Also  observed  were 
strong  plasma  oscillations  in  the  order  of  2  kc  and  with  peak  amplitudes 
of  20  volts;  this  effect  suggests  the  possibility  of  measuring  charge 
density  of  both  signs  in  the  flame. 

SuzTace  heat  flux  rates  were  measured  at  1*0  and  0*1 
atmospheres  on  copper  bodies  in  thermal  equilibrium*  The  values  obtained 
were  4*0  and  1*0  kw/cm?  respectively*  but  it  is  emphasized  that  further 
measurements  are  required  to  corroborate  these  figures*  The  appearance 
of  the  gaseous  flow  about  blunt  and  conical  wedges  in  the  presence  and 
absence  of  coulomb  potentials  showed  a  distinct  separation  zone  between 
body  and  flame*  the  thickness  depending  on  andjient  pressure  end  electrical 
polarity*  This  phencauenon  is  believed  to  be  associated  with  a  magneto- 
hydrodynamic  effect* 

Finally*  dlffusivity  measurements  were  made  in  the  tail 
flame  on  QEHC  copper  and  graphite  plates*  The  data  obtained  thus  far 
agree  with  literat%ire  values  in  order  of  magnitude*  Closer  refinements 
in  the  instrvimentation  and  evaluation  techniques  appear  necessary  before 
the  tail  flame  can  be  used  for  measurements  of  this  type* 
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WIDC  TN  57-294 

ASTI  A.  Document  No*  iU3  142186 

OTS  Release 


December  1957 


sjbjectj  determination  of  htdrocjen  in  zirconium  hydride 

INVESTIGATOR:  Wade  H.  Jones 

ASSTRAGT:  It  is  now  generally  recognized  that  control  of  the  hydrogen 

content  in  zirconium  is  important  in  the  manuf actiire ,  melting*  fabrication 
and  subsequent  use  of  the  metal*  It  is  therefore  hi^ily  desirable  to 
have  a  simple*  rapid*  precise  method  for  determination  of  hydrogen  in 
zirconium*  Such  a  method  is  des^ibed*  It  is  based  on  the  measurement 
of  the  equilibrium  pressure  of  hydrogen  over  the  metal  in  a  closed  system 
tmder  predetermined  conditions* 

This  report  covers  the  analysis  of  thisrty-five  samples 
of  zirconium  hydride  with  temperatures  ranging  from  1900®C  to  1000®C 
and  collection  times  from  10  to  3*^  minutes. 


WADC  TN  57-298  Pt  I  February  1958 

ASTIA  Document  No.  AD  I42342 
OTS  Release 

SUBJECT:  PROCEEDINGS  OF  THE  ANP  SPECTROSCOPY  INF(M4ATI0N  MEETING 

HELD  AUGUST  6-7  AT  WEIGHT  AIR  DEVELOPMENT  CENTER 
INVESTIGATOR:  Robert  E.  Brocklehurst 

ABSTRACT:  This  report  is  a  compilation  of  the  unclassified  papers 

given  at  the  ANP  Spectroscopy  Information  Meeting  held  at  Vright-Pattmr- 
son  Air  Force  Base*  August  6  and  7.  1957*  The  subjects  covered  in  these 
proceedings  are  instrumentation  for  gemma  and  neutron  spectral  measure¬ 
ments*  treatment  of  experimental  data*  characteristics  of  scintillation 
crystals*  and  the  use  of  beam  colllnators* 


WADC  TN  57-3O8  Noveinber  1957 

ASTIA  Document  No.  AD  142095 
OTS  Release 

SUBJECT:  CRITIQUE  OI  THE  ANALYTICAL  REPRESENTATION  OF  SPECIFIC 

HEAT  DATA 

INVESTIGATOR:  Richard  Pawel*  l/Lt 

ABSTRACT:  A  considerable  lack  of  agreement  exists  in  the  literature 

for  high  temperature  specific  heat  values.  Since  the  majority  of  these 
data  have  been  obtained  indirectly  through  enthalpy  measurements,  the 
problem  of  data  treatment  is  added  to  those  of  the  experiment*  It  is 
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thou^t  that  the  present  uncertainties  in  the  methods  of  curve  fitting 
the  enthalpy  data  can  yield  misleading  trends  to  the  resulting  specific 
heat  curves.  For  this  reason,  it  appears  wise  to  consider  the  final 
result  in  the  light  of  simple  specific  heat  theory  and  the  accuracy  and 
reproducibility  of  the  original  enthalpy  data*  The  complexity  of  the 
analysis  should  be  based  upon  the  reliability  of  the  enthalpy  data  to 
avoid  *over-fitting* •  It  appears  that  in  the  absence  of  exceptionally 
precise  enthalpy  data,  a  quadratic  expression  will  satisfactorily  des¬ 
cribe  the  data,  resulting  in  a  linear  specific  heat  representation* 

This  simple  representation  is  scmetimes  more  compatible  than  those 
obtained  by  other  means* 


WADC  TR  57-319  Febniary  I958 

JlSJUA  Document  No*  AD  15096I 

SUBJECT:  DETERMINATION  OF  THE  THERMAL  CONDUCTIVITSf  OF  MI2ED 

AND  SYNTHETIC  ENGINE  OILS  BY  THE  UNSTEADY-STATE  METHOD 
INVESTIGATOR:  E.  E.  Kohnke 

A.  R.  Schmidt 

CONTRACT:  AF  33(6l6)-3544 

CCMRACTCR:  Oklahoma  Agricviltuiral  and  Mechanical  College 

ABSTRACT:  Results  are  reported  for  the  thenaal  diffusivities  of 

five  mineral  and  synthetic  oils  as  measured  by  an  unsteady-state  method 
at  temperatures  between  80^  and  430^*  Maximum  measurement  temperatures 
vary  depending  upon  the  chemical  nature  of  the  various  oils* 

Experimental  apparatus  is  described  and  methods  of  data 
analysis  discussed*  A  critical  evaluation  of  the  potentialities  of 
unsteady-state  methods  in  general  and  of  the  particxilar  e3q>erimental 
procedure  employed  ere  presented*  Suggestions  for  improvement  are  offered* 


¥ADC  TR  57-334  1958 

A3TIA  Document  No*  AD  15II83 

SUBJECT:  EVALUATION  OF  THE  MECHANISMS  WHICH  AFFECT  THE  PERFORMANCE 

OF  ■THERMAL  RADIATION  RESISTANT  COATINGS" 

INVESTIGATCR:  Louise  E.  Moore  Edwin  H*  Tcmpkins 

l-fetthew  Frastein  Donald  0.  Van  Ostenburg 
CONTRACT:  AF  33(6l6)-3595 

CONTRACTCR:  Armour  Research  Foundation 

ABSTRACT:  This  is  the  final  report  on  Contract  AF  33(8l6)-3595* 

ART  Project  C  O97,  for  Wright  Air  Development  Center,  covering  the  period 
from  May  1,  I956  through  April  30,  1957*  The  theory  of  absorption. 
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reflection,  and  scatte3ring  of  electrcHnegnetic  radiation  is  presented  in 
a  clasaLeal  reriew  and  for  harmonically  bound  electrons  and  sj^eres* 

The  absorption  spectra  of  possible  pi^nents  and  Tehicles  are  considered 
in  teims  of  incident  radiation  from  3000%!  and  6000%  black  body  radiators* 
with  possible  modification  by  atmospheric  absorption*  Although  refractive 
indices  of  vehicles  are  largely  between  1*4  and  1*7*  pigments  may  have 
hi|^  refractive  indices*  and  calculations  are  made  to  determine  indices 
of  pigments*  In  systems  less  than  6%  pifi^nt  by  volume,  the  statistical 
distribution  of  the  particles  is  largely  singly  or  in  groups  of  two*  Pro¬ 
cedures  to  determine  the  size  distribution  of  the  particles  are  illus¬ 
trated  with  rutile*  A  first  approximation  to  an  optimum  size  distribution 
is  a  modified  black  body  curve*  The  wavelength  axis*  contracted  by  the 
factor  0*41*  is  the  diameter  axis  for  rutile  in  linseed  oil* 


KADC  ra  57-334  Sup  l  April  1958 

ASTIA  Document  No*  AD  15II64 


SOBJECTt  E7ALDAT1QN  OF  THE  MECHANISMS  WHICH  AFFECT  THE  EERFOHMANCE 

OF  'THERMAL  RADIATION  RESISTANT  COATINGS" 


INVESTIGATCBt  C.  Roland  McGully 
Louise  E.  Moore 
CONTRACT*  AF  33(6l6)-3595 


F.  V.  Schossberger 
Edwin  H.  Tompkins 


CONTRACTOR*  Amour  Research  Foundation 

ABSTRACT*  The  work  covered  in  this  report  was  done  for  the  Wright 

Air  Development  Center  under  Contract  No*  AF  33(6l6}-3595  over  the  period 
from  May  1*  195^  bo  May  1957*  This  report  is  a  supplement  to  the  Final 
Rei>ort*  Theory*  which  gives  an  analysis  of  the  mechanisms  of  scattering 
and  absorption  in  hi^xly-reflective  paint  coatings*  This  supplement  is 
intended  to  serve  as  a  guide  in  the  formulation  of  reflective  coatings* 


The  thermal  sources  for  the  energy  to  be  reflected  were 
specified  in  the  contract  to  be  3000*^  ond  6000%  black  bodies*  which 
yield  peak  intensities  at  1*0  micron  and  0*30  micron,  respectively*  The 
otodification  of  the  energy  distributions  from  these  sources  by  atmosfdaeric 
absorption  is  discussed  to  show  how  such  absorption  might  be  used  to 
protect  an  aircraft* 


The  optical  characteristics  reguired  in  vehicles  and 
pigments  suitable  for  reflective  coatings  are  sunmarized*  and  tentative 
recommendations  are  made*  For  vehicles*  fluoroethylenes  (£sl-F*  Teflon), 
silicones*  vinylidene  chloride-acrylonitrile  copolymers*  and  epoxy 
resins  eo’e  considered  suitable f  for  pigments*  rutile  and  colorless 
silicon  carbide  are  outstanding*  but  boron  nitride  and  colorless  barium 
titanate  also  have  possibilities*  Since  titanium  dioxide  is  readily 
available  its  methods  of  manufacture  are  discussed  in  some  detail  to  show 
how  particle  size  and  impurity  content  are  controlled* 
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On  the  basis  of  sereral  approximations,  first-order 
particle  size  distributions  required  in  rutile  pigments  for  the  reflection 
of  3000^  €uid  6000*lC  radiation  are  px*esented«  Centrifugal  sedimentation 
and  elutriation  tachniques  are  described  for  the  classification  of  pignmnts 
and  the  formulation  of  specified  size  distributions*  The  presence  of 
considerable  infrared  in  the  radiations  to  be  reflected  requires  the 
presence  of  larger  particle  sizes  than  are  normally  present  in  conyentional 
white  pignents*  This  is  particularly  true  for  3000*5^  radiation,  where 
the  median  particle  size  should  be  about  0*45  micron  instead  of  the  0*25 
micron  size  present  in  oomnercial  rutile  pigments*  If  a  coating  having 
a  medim  size  of  0*25  micron  were  exposed  to  3000^  radiation,  about  half 
of  the  radiation  would  penetrate  to  the  base  of  the  coating.  For  6000*l£ 
radiation  the  penetration  would  be  about  20^,  which  is  still  seriously 
large* 


W-ADC  TN  57-335  December  1957 

ASTIA  Document  No.  AD  142249 
OTS  Release 

SDBJECTi  FEASIBILIIY  OF  A  C3RAPHITE-CABB0N  DIOXIDE  IONIZATION 

CHAJyiBER  TO  MEASURE  CARBON  DOSE  AT  HIGH  DOSE  RATES 
INVESTIGATOR}  Robert  L»  Hichmott 

ABSTRACT:  This  report  discusses  the  feasibility  of  designing  a 

graphite -carbon  dioxide  ion  chamber  for  the  Ed>solute  measurement  of  the 
carbon  dose  rate  from  a  pure  gamma  field  up  to  10^^  erg/g/hr*  There  is 
insufficient  data  on  neutron  response  to  Judge  the  feasibility  of  using 
the  ion  chamber  in  mixed  fields  with  large  neutron  comi>onents. 


WADC  TN  57-342  January  1958 

ASTIA  Document  No.  AD  142277 
GTS  Release 

SUBJECT:  THE  QUANTITATIVE  ANALYSIS  OF  THE  FUNGICIDE  3,3'- 

DIFLUCHO  4,4*-DIHIDR0XyBIPHENn. 

INVESTIGATOR:  Ifyron  L*  Dunton 

ABSTRACT:  A  quantitative  method  is  described  for  determining  the 

quantity  of  the  fungicide  3t3'~^^^luc)ro  4*4'-dihydroxybiphenyl  which  has 
been  added  to  white  duck  cloth*  This  method  involves  extraction  with 
methanol  and  subcnquent  ultra-violet  spectroj^otometric  measurement*  If 
also  is  suggested  that  this  method  may  be  applied  to  the  analysis  of 
other  related  fungicides. 
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WADC  TR  57-359  September  1957 

ASriA  Document  No.  £D  142OIO 
OTS  Release 

SUBJECT}  ANAm-ICAL  ^FLICATICa»£S  OF  FAR  INFRARED  SPECTRA  I 

HESTOBICAL  REVIEW,  APPARATUS  AND  TECHNIQPES 
INVESTIGATCRt  Freonan  F.  Bentley  Nora  £•  Srp 

Eugene  F.  Wolfarth  Wilbert  R.  Povell 
ABSTRACT}  The  infrared  spectrum  of  a  molecule  is  one  of  its  most 

unique  physical  properties,  and  perhaps  for  this  reason  a  large  amount 
of  spectral  data  have  been  amassed  over  the  last  few  decades.  Most  of 
the  work  has  been  limited  to  the  fundamental  region  of  the  spectrum 
since  characteristic  group  frequencies  capable  of  giving  structural 
information  of  great  value  and  precision  occur  in  this  region,  and 
because  it  has  been  the  easiest  region  to  study  accurately  and  rapidly. 

Many  characteristic  group  frequencies  are  also  observed 
in  the  long  wave  length  region  of  the  spectrum  which  are  useful  in 
analytical  and  structural  determinations.  Furthennore ,  spectra  obtained 
in  this  region  are  particularly  useful  in  material  characterization. 
Slight  changes  in  structure  produce  considerable  changes  in  spectra, 
giving  a  more  specific  "fingerprint*.  Investigations  in  the  far  infrared 
region  have  been  limited  due  to  instrumental  difficulties  such  as  high 
atmospheric  absorption,  low  energy,  stray  radiation,  emd  the  lack  of 
suitable  prism  materials. 

A  review  of  the  work  accomplished  to  date  in  the  far 
infrared  region  is  presented  in  this  paper,  and  most  of  the  available 
literature  is  cited.  A  double  beam  double  pass  spectrophotometer 
equipped  with  cesium  bromide  optics  is  described.  This  instrument 
extends  the  useful  spectral  range  to  35  microns.  The  general  features 
of  the  instrument's  construction  and  its  performance  capabilities  are 
discussed. 


Conventional  infrared  techniques  are  used,  and  in  some 
instances  simplified  in  obtaining  infrared  spectra  in  the  cesium  bromide 
region.  Many  common  solvents  such  as  carbon  disulfide,  furan,  benzene, 
and  dioxane,  have  large  "open  windows*  in  the  long  wavelength  region 
and  the  infrared  spectra  of  these  and  other  solvents  are  given.  The 
advantages  of  far  infrared  spectra,  and  some  of  the  special  techniques 
of  obtaining  infrared  spectra  in  the  cesium  bromide  region,  are  also 
discussed. 
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WADC  TN  57-362 
^lA  Document  No.  AD  I42168 

SUBJECT:  RESISTANCE  OF  AIR  CREW  CLOTHING  MATERIAL  TO  THERMAL 

RADIATION 

INVESTIGATOR:  Ben  J.  Lisle 

Richard  L.  Beckham.  2/Lt 

ABSTRACT:  Twelve  assemblies  of  flight  clothing  materials  presently 

in  use  were  tested  to  determine  their  resistance  to  thermal  radiation. 

The  assemblies  were  irradiated  at  intensities  of  10  sec  and 

3i0  sec.  The  results  were  evaluated  with  respect  to  the  total 

amount  of  energy  necessary  to  produce  the  visible  effects  of  scorch, 
char,  and  burn.  These  evaluations  were  aimed  at  determining  the  relative 
damage  caused  by  a  specific  quantity  of  thermal  energy  incident  upon  the 
asseinbly. 


WADC  TR  57-374  Bt  I  November  1957 

ASTIA  Document  No.  AD  142119 


SUBJECT: 

INVESTIGATOR: 

CONTRACT: 


BHYSICAL  EROBERTIES  OF  HIGH  TEMPERATURE  MATERIALS 
Bart  I.  New  Apparatus  for  the  Brecise  Measurement  of 
Heat  Content  and  Heat  Capacity  from  0°  to  1500^C 
Thomas  B.  Douglas 
William  H.  Bayne 
AF  33(6i6)-56-21 


CONTRACTOR:  National  Bureau  of  Standards 

ABSTRACT:  There  is  described  in  detail  new  apparatus  for  the  accurate 

meaoirement  of  the  heat  content  and  heat  capacity  of  solids  and  liquids 
over  the  temperature  range  0®  to  approximately  1500®C  (32®  to  2750®*’)  • 

For  use  of  the  *drop"  method,  a  new  Bunsen  ice  calorimeter  and  resistance- 
heated  furnace  were  designed,  and  have  been  partly  constructed.  The 
ice  calorimeter  is  simj.lar  to  that  developed  earlier  at  the  National 
Binreau  of  Standards,  but  embodies  several  minor  modifications.  To  achieve 
regions  of  known  and  uniform  temperature,  the  furnace  was  designed  to 
have  three  concentric  cores  wound  with  17  independently  controlled  wire- 
heater  sections.  Temperatures  will  be  measiured  by  several  platinum- 
rhodium  thermocouples,  which  are  arranged  to  permit  their  periodic  recali- 
bration  in  place.  After  the  performance  of  the  apparatus  has  been  tested, 
the  first  measurements  undertaken  are  to  be  on  standard-sample  synthetic 
sapphire  (aluminum  oxide).  Ihese  data  will  augment  the  Bureau's  earlier 
measurements  on  this  material  from  0®  to  900®C  (32®  to  1650®F).  and  permit 
its  use  as  a  heat-capacity  standard  up  to  approximately  1500®C  (2750®F). 
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WADC  ra  57-374  Pt  II 


August  1957 


SUBJECT  t  PHySICAL  PROPERTIES  OF  HIGH  TEMPERATURE  MATERIALS 

Part  II  •  The  Heat  Capacity  of  Zirconiiim*  Seirered 
Zirconium  Hydrides,  and  Certain  Cladding  Materials  from 
0^  to  900^C;  Relation  to  Other  Thermodynamic  Properties 
of  the  Zr-H  System 
INVESTIGATORS  Thomas  E.  Douglas 
Andrew  C*  Victor 
COMERACTi  Ai33(6l6)56-21 

C(2ilTRACTCRt  National  Bureau  of  Standards 

ABSTRACTS  Using  accurate  apparatus  and  a  "drop*  method,  the  heat 

content  (enthalpy)  of  zirconium,  fire  zirconium  hydrides  (%  from  1*34 
to  4*14)  •  Stainless  Steel  Type  316  wre  measured  over  the  range  from 

0"  to  900°C«  Using  the  ralues  for  the  stainless  steel  and  those  frca^ 
the  litexeture  for  molybdenum  and  niobium,  the  heat  capacities  of  tyical 
clad  samples  of  the  hydrides  may  be  computed  additiTraly.  Thermal 
hysteresis  of  the  hydrides  tias  investigated  in  several  cases.  Corrections 
were  applied  for  the  impxirities  in  the  samples  measured,  but  the  two 
sets  of  hydrides  gave  heat  values  believed  to  be  somewhat  inconsistent 
in  the  range  550°  to  800**C  throu^  systematic  differences  in  phase 
compositions*  The  heat  content  data  were  extensively  correlated  with 
certain  published  equilibrium  data  for  the  zirconium-hydrogen  system 
in  order  to  extend  knowledge  of  the  heats  of  hydriding,  equilibrium 
hydrogen  pressures,  and  limits  of  solid  solubility  to  wider  ranges  of 
temperature  and  composition  then  those  covered  by  direct  measurements* 

The  results  are  discussed  critically,  and  several  structural  implica¬ 
tions  are  pointed  out* 


WADC  TR  57-375  October  1957 

A3TIA  Docuznent  N6«  AD  1^2029 
OTS  Release 

SUBJECT:  A  METHOD  FOR  DETERMINING  NEUTOCN  FLUX  SPECTRA  IRCM 

ACTIVATION  MEASUREMENTS 
INVESTIGATOR  t  Sven  R#  Hartmaxmt  l/Lt 

ABSTRACT;  A  method  for  the  determination  of  neutron  spectra  which 

approximates  the  neutron  flux  by  a  linear  conibination  of  the  response 
functions  (cross  sections)  of  the  detectors  used  in  the  spectral  measure* 
ment  is  discussed#  This  linear  combination  is  shown  to  approximate  the 
neutzx>n  flux  in  the  mean  and  to  provide  a  calculated  activation  t  for  each 
detector •  identical  with  that  found  in  the  experiment#  Some  practical 
eases  are  considered  herein#  A  set  of  seven  cross  sections  are  used  to 
approximate  a  fission »  constant t  and  monoenergetic  spectrum#  A  discussion 
of  uncertainty  propagation  is  given  with  illustrative  examples  for  the 
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fission  and  constant  spectras.  The  integral  neutron  flux  is  also 
calculated  and  shovn  to  be  more  adequately  representable  than  the 
neutron  flux* 


¥ADC  TR  57-381  February  1958 

.ASTIA  Document  No.  AD  li|23^ 

OTS  Release 

SUBJECT »  TABLES  OF  INEERPLAHAR  SPACINGS  COMPUTED  FOR  THE 

CHARACTERISTIC  RADIATIONS  OF  COPPER,  MOLYBDENUM. 

IRON,  CHROMIUM  AND  COBALT 
INVESTIGATOR:  H.  J.  Garrett 

R.  £.  Brocklehurst 

ABSTRACT:  Computations  of  interplanar  spacixigs,  *d*  Talues,  obtained 

from  solutions  of  the  Bragg  equation  n  2d  sin  O'  •  are  listed  for  the 
radiations  normally  used  in  X-ray  diffraction  analysis*  All  angular 
measurements  are  expressed  as  (2^)  values*  Interplemar  spacings  are 
calculated  for  the  Ea  •  ^2.  *  ^9  %  radiations  of  the  elements 

copper,  molybdenum,  iron,  chromium,  and  cobalt* 


¥ADC  TR  57-485  July  1957 

OTS  Release 

SUBJECT:  EFFECTS  OF  HICE-ENERGY .  HIGE-INTENSIIY  ELECTROMAGNETIC 

RADIATION  ON  ORGANIC  LIQUIDS 
INVESTIGATOR:  E.  M.  Kinderman 

CONTRACT:  AF  33(616)3738 

CONTRACTOR:  Stanford  Research  Institute 

ABSTRACT:  Effective  development  of  practical  nuclear  power  required 

that  materials  be  developed  to  withstand  its  attendant  nuclear  radiation* 
For  example ,  among  the  materials  which  must  withstand  radiation  in  a 
nuclear-propelled  aircraft  are  hydraulic  flviids  and  lubricants*  A 
knowledge  of  the  effects  of  structure  on  the  radiation  stability  of 
organic  materials  is  of  advantage  in  designing  and  producing  such  radia¬ 
tion-resistant  hydraulic  fluids  and  lubricants*  This  investigation 
attempts  to  provide  such  background  information* 

A  series  of  organic  esters,  hydrocarbons,  and  miscel¬ 
laneous  compounds  were  subjected  to  radiation*  A  quantitative  measurement 
of  the  amounts  and  kinds  of  radiation  products  produced  was  made*  From 
the  observed  products  and  their  amoiuts,  some  inferences  were  made  as  to 
the  stability  of  these  materials  and  the  influence  that  their  structure 
had  on  their  stability* 
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Radiolyais  of  organic  liquids  is  influenced  by  structure* 
Molecules  containing  branch  chain  and  benayl  groupings  are  more  susceptible 
to  rediolytic  damage  than  are  molecules  containing  only  straight  chain 
groupings*  This  greater  damage  may  be  explainable  in  terms  of  the  greater 
inductiTe  effects  possible  with  the  branch  chain  and  benzyl  groupings* 
Greeted  radiation  stability  is  observed  with  hi^er  molecular  weight 
compounds*  This  effect  may  be  explained  in  terms  of  the  mechanisms  of 
energy  absorption  and  disintegration  by  the  molecule* 

Comparison  of  the  radiolytic  with  mass  spectrographic 
data  shows  some  correlation  between  the  modes  of  molecular  disintegration 
induced  in  the  two  cases.  The  correlation  is  best  when  conditions  of 
radiolysis  are  similar  to  those  in  the  meiss  spectrograph,  that  is  when 
radiolysis  occurs  in  an  essentially  low  pressure  condition  through  activ¬ 
ated  species  whose  half-life  is  short  and  whose  diffusion  constants  or 
reaction  times  are  long* 

Both  electron  and  gamma  radiation  was  used*  The  former 
received  emphasis  because  of  its  speed  and  convenience  in  the  test  program* 
Comparison  of  the  effects  of  the  two  types  of  radiation  in  six  cases 
shows  some  quantitative  differences  in  radiolytic  yield*  The  products 
identified  are  the  same,  and  the  same  structural  effects  are  evident*  The 
available  data  do  not  permit  definite  statements  of  equivalence  between 
electron  and  gamma  effects*  although  this  is  indicated* 


WADC  m  57-487  February  I958 

ASfSlA  Document  No*  150934 
OTS  Belease 


SUBJECT* 

INVESTIQATQEt 


THERMAL  PROPERTIES 

1.  £*  Fieldhouse 
J*  C*  Hedge 


OF  HICK  TEMPERATURE  MATERIALS 
J*  I.  Lang 
T.  £.  Waterman 


CONTRACT*  AF  33(6l6>-3701 

CONTRACTOR*  Armour  Research  Fotuadation 

ABSCRACT*  The  objective  of  this  program  was  the  measurement  of 

the  high  temperature  thermal  properties  of  materials*  The  materials 
investigated  were  Hastelloy  B,  Hastelloy  C.  Stellite  21,  Stainless 
Steel  type  17-7  P*H*,  Stainless  Steel  type  448*  Silicon  Carbide,  60-15 
Cr  (ASTM  £83-48),  and  beryllium*  The  theimial  conductivity,  specific 
heat,  and  linear  coefficient  of  thermal  expansion  were  measured  from 
lOOO^F  to  3000^,  or  the  melting  point  of  the  material,  whichever  was 
loueac*  iQ.1  measurements  were  made  in  the  Heat  Transfer  Laboratory  of  the 
Propulsion  and  Fluid  Mechanics  Research  Department,  Amour  Research  Found¬ 
ation  of  Illinois  Institute  of  Technology*  Both  the  experimental  measure¬ 
ments  and  the  results  of  the  conversion  of  these  measurements  to  the 
desired  physical  properties  are  given* 
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Novenber  1957 


WADC  TR  57-488 
ASTIA  Docvanent  Ko.  ^  I42138 

SUBJECT J  MEASUREMENT  OE  THE  HEAT  CAPACITY  AND  DENSITY  OF 

LIQUID  COPPER 

INVESTIGATOR;  J.  I.  Lang 

CONTRACT ;  AF  33 ( 616 ) -3  795 

CONTRACTCR;  Armour  Research  Foundation 

ABSTRACT:  The  density  and  specific  heat  of  molten  electrolytic 

to\i^-pitch  copi)er  meeting  Federal  Specification  QQ-C-576  was  deter¬ 
mined  for  the  temperature  range  2000  to  i^OOO^F, 


¥ADC  TR  57-498  NoT€ffliber  1957 

ASTIA  Document  No»  AD  142157 
OTS  Release 

SUBJECT;  DESIGN  AND  USE  OF  A  23,000  CURIE  COBALT-6O  FACILITY 

INVESTIGATOR;  Mairvin  C.  Atkins,  lAt  Donald  R.  Smith,  l/Lf 

Kurt  Volfaberg,  lAt 
William  N,  Lorentz,  l/Lt 

ABSTRACT;  A  tvo-chasibered  hot  cell  has  been  designed,  built,  and 

used*  The  hot  cell  is  suitable  for  radioactive  materials  testing,  hot 
chemistry,  or  handling  of  radiation  sources*  A  23*000  curie  cobalt-60 
source  has  been  assembled  end  is  being  used  for  materials  irradiations* 
The  source  in  its  normal  form  is  11*6  inch  I*  D.  x  28  inches  long*  The 
activity  of  each  of  the  2450  slugs  comprising  the  source  was  individually 
calibrated*  Slugs  of  different  activities  were  arranged  to  give  the 
desired  flux  distribution  inside  the  cylindrical  source*  Dose  rates  in 
and  around  the  source  have  been  measured  with  an  ion  chamber  and  glass 
dosimeters*  An  engineering  approach  to  design  of  radiation  sources  has 
been  formulated  and  tested  with  the  23,000  curie  source*  The  report 
includes  a  complete  description  of  the  hot  cell,  design  end  assembly  of 
the  source,  dosimetry  methods,  and  mathematical  design  of  cylindrical 
soiiTces. 


WADC  TR  57-512  March  I958 

ASTIA  Docximent  No.  AD  15IO60 
OTS  Release 

SUBJECT;  STATE  OF  DEVELOPMENT  CF  THERMAL  RADIOMETER 

INVESTIGATOR;  Arnold  Pfenninger  Maurice  Godet 

Harold  E,  Henry  Conrad  A.  Wogrin 

CONTRACT;  AF  33(6l6)-3628 
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CCMRACTORt  Qjaantum,  Incorporated 

ABSTRACTt  The  ob jectire  of  the  work, corered  by  this  report  was 

the  deTelopment  end  construction  of  a  thermal  radiometer* 

This  report  describes  the  progress  made  to  date  on  the 
design  and  manufacture  of  the  components  of  the  instrument  end  includes 
mathematical  analyses  of  both  the  heat  transfer  and  control  system 
problems  where  these  were  necessary  and  feasible*  It  also  includes  a 
discussion  of  the  specifications  as  originally  outlined  and  revisions 
suggested  on  the  basis  of  analytical  and  esEperimental  work  performed  on 
this  contract* 


WiDC  TR  57-667 


October  1957 


SUBJECT  >  HIGH  TEMtERATUBE  E-RAY  DIFFRACTION  CAKBRA 

CONTRACTt  AF  33(600)-322U 

CONTRACTOR:  Herrick  L*  Johnston,  Inc* 

ABSTRACT:  A  high  temperatwe  furnace  was  designed  for  simple 

attadunent  to  a  Norelco  diffractometer*  The  furnace  is  constructed  so 
as  to  permit  E>ray  diffraction  studies  of  solid  or  powder  specimens  at 
temperatures  up  to  ISOO^C  in  vacuum  or  under  pressures  of  2  atmospheres 
or  less*  Scanning  from  26  of  20^  to  122^  is  i>ossible*  Heating  elements 
are  made  of  *005  inch  tantalum  and  temperature  is  measured  by  a  Ft'> 

(67$  Ft*  13%  Rh)  thermocouple  or  by  an  optical  pyrometer*  Temperatures 
up  to  l600^C  are  automatically  controlled  to  within  t  0*1S(*  Automatic 
control  is  also  possible  from  l600^  to  ISOO^C*  Measurements  of  the 
lattice  parameters  of  tantalum  at  various  temperatures,  including  ISOO^C, 
were  in  agreement  with  previously  published  valxies* 


iHADC  TR  57-771  March  I958 

ASTIA  Docxunent  No.  AD  I5IO84 
OTS  Release 


SUBJECT: 

INVESTiaA-TORt 


CONTRACT: 

CONTRACTOR: 

ABSTRACT: 


functions,  i*e* 


AFPROEIMATION  OF  ALL  ORDERS  OF  THE  EXPOIENTIAL  INTEGRAL 
Francis  Clark 
AT  33(6i6)-5187 
Trg,  Incorporated 

Approximations  are  sou^t  for  the  es^nential  integral 


E-,(P)  =  P 


m' 


•  m>  0* 
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The  function  is  set  egual  to 

e’P 

and  suitable  algebraic  approximations  to  the  function  ^(p)  are  then  found* 
Consideration  is  given  to  ways  of  estimating  the  error  of  the  approximations* 


WikDC  TR  58-1^2 


January  195® 


SUBJECT »  PRODUCTION  OF  HOyiOGENEOUS  TITANIUM  ALLOf  STANDARDS 

INVESTI GATOR J  Donald  H.  Turner 

CONTRACT*  AF  33(6l6)-3098 

CONTRACTOR*  Armour  Research  Foundation 

ABSTRACT*  Three  compositional  variations  of  each  of  nine  commercial 

titanium  alloys  were  prepared  by  a  triple  are  melting  procedure  for  use 
as  standards  for  speetrographic  and  X-ray  fluorescent  analysis  of 
titanium  alloys*  Analysis  of  each  triple-melted*  as-cast  ingot  has  been 
carried  out  by  three  laboratories* 


The  material  was  supplied  to  the  National  Bureau  of 
Standards  as  1  1/4  inch  diameter*  centerless-ground  bar*  In  general* 
there  is  good  agreement  between  analyses  and  nominal  composition*  Where 
there  are  differences*  trends  are  similar* 


MKTATJ^.  GENgRAT. 


WADC  TR  56-330  Pt  III  June  1957 

ASTIA  Dociiment  No  •  AD  130865 
OTS  Release 


SUBJECT*  THE  EFFECTS  OF  INELASTIC  ACTION  ON  THE  RESISTANCE  TO 

VARIOUS  TYPES  OF  LOADS  OF  DUCTILE  MEMBERS  MADE  FROM 
VARIOUS  CLASSES  OF  METALS 

Peart  III*  The  Plastic  Bending  of  Tapered  Meiid>ers 


INVESTIGATCR*  Montgomerie  C.  Steele 
Hassan  A.  Hassan 


CONTRACT*  AF  33(6l6)-2753 

CONTRACTOR:  University  of  Illinois 

ABSTRACT*  This  report  contains  an  exploratory  investigation  of  the 

plastic  bending  of  tapered  meod>ers*  Two  analytical  approaches  are  employed* 
The  first  considers  a  rigorous  treatment  by  the  classical  theories  of  elas¬ 
ticity  and  j^astieity  while  the  second  resorts  to  the  more  tractable 
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mechanloB  of  materials  methods*  A  limited  amount  of  experimental  voi^ 
is  presented  in  supjxort  of  theory* 

¥ADC  TR  56-330  Pt  IV  May  I957 

ASTIA.  Document  No*  AD  I30765 
CXES  Beleaae 

SUBJECT*  THE  EESECTS  OF  INELASTIC  ACTION  ON  TEE  RESISTANCE  TO 

VARIOUS  TYPES  OF  LOADS  OF  IHJCTILE  MEMBERS  MAIE  FRCM 
VARIOUS  CLASSES  OF  METALS 

Fart  IV,  Eccentrically -Loaded  Columns  Having  Angle- 
and  T-^ctions 
INlfESTIGATCR*  M.  E.  Clark 

0.  M*  Sidebottom 
CONTRACT  I  AF  33( 616 )-2753 

CONTRACTQRj  University  of  Illinois 

ABSTRACT*  This  paper  presents  the  results  of  an  analytical  and 

experimental  investigation  for  the  determination  of  the  load  necessary 
to  produce  any  given  depth  of  yielding  in  angle-  and  T-section  columns 
subjected  to  eccentric  loads*  This  load  is  found  analytically  from  the 
interaection  of  a  constant  depth  of  yielding  interaction  curve  and  the 
moment-load  curve  (see  Part  1  of  this  Report)*  The  collapse  load  of  the 
column  can  be  taken  as  the  maximum  load  given  by  the  moment-load  curve* 

In  the  experimental  investigation,  tests  were  made  on  eccentrically- 
loaded  angle-  and  T-section  columns  made  from  type  3^4  Btainless  steel* 
The  angle-section  colimins  were  so  oriented  that  some  buckled  about  the 
minimum  axis  of  inertia  and  some  about  the  maximum  axis  of  inertia*  The 
effiacts  of  variations  in  initial  eccentricity  and  slenderness  ratio  on 
the  collapse  load  were  investigated*  In  all  cases  the  experimental,  and 
theoretical  moment -load  curves  were  of  the  same  general  shape;  the  e3q[}er- 
imental  collapse  load  being  less  than  the  theoretical  by  2  to  I6  percent* 
Since  the  theory  is  based  on  assumptions  which  make  it  conservative,  the 
fact  that  the  experiments  showed  it  to  be  unconservative  was  attributed 
to  the  time-ironaitive  behavior  of  the  stainless  steel  material*  The 
stresat-strain  properties  obtained  from  tension  and  compression  tests  did 
not  represent  the  stress-strain  behavior  of  the  material  in  the  colvunn* 
When  these  stress-strain  properties  were  adjusted  by  a  28  percent  reduc¬ 
tion  in  the  modulus  of  elasticity,  the  experimental  collapse  load  varied 
from  9  percent  greater  to  11  percent  less  than  the  theoretical  value 
with  most  of  the  values  comparing  very  favorably* 

WADC  TR  36-33Q  Pt  V  May  I957 

ASTIA  Document  No.  AD  130768 
OTS  Release 

SUBJECT:  THE  EFFECTS  OF  INELASTIC  ACTION  ON  THE  RESISTANCE  TO 

VARIOUS  TYPES  OF  LOADS  OF  DUCTILE  MEMBERS  MADE  FRCM 
VARIOUS  CLASSES  OF  METALS 
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Part  V«  Inelastic  Behavior  of  Aluminum  Alloy  I>Beams 
ndth  Elliptical  Section  Cutouts 
lOTESTIGATORi  Will  J,  Worley 

CONTRACT:  AF  33(6l6)-2753 

CONTRACTOR:  University  of  Illinois 

ABSTRACT:  This  report  represents  an  extension  of  WADC  Technical 

Report  56'*330»  Part  II »  April,  1956* 

This  extension  vas  undertaken  to  investigate  the  plastic 
bending  behavior  of  aluminvim  alloy  I-beams  with  elliptical  web  section 
cutouts.  As  in  the  above  report,  the  mechanism  method  of  analysis  employing 
the  Upper  Bound  Theorem  was  used  in  predicting  the  ultimate  loads  of  the 
various  beams*  This  procediure  could  not  be  applied  in  all  cases  since 
several  of  the  beams  failed  by  buckling  failures  in  the  web  sections.  The 
I-beams  were  loaded  in  pxure  bending  using  quarter  point  loading  and  in 
combined  shear  and  bending  using  center  point  loading.  The  span  lengths 
were  varied  for  a  given  depth  of  I-beam  in  order  to  investigate  the 
effects  of  shear  on  the  failure  mechanism.  Where  the  mechanism  analysis 
applies,  it  permits  the  prediction  of  loads  which  are  in  good  agreement 
with  the  experimental  results. 

WADC  TR  56-330  Pt  VI  May  I957 

ASTIA.  Docuanent  No,  AD  II83OO 
OTS  Release 

SUBJECT:  THE  EFFECTS  OF  INELASTIC  ACTION  ON  THE  RESISTANCE  TO 

VARIOUS  TYPES  OF  LOADS  OF  DUCTILE  MEMBERS  MADE  FRCM 
VARIOUS  CLASSES  OF  METAIS 

Part  VI,  A  Digital  Computer  Analysis  of  Bending  Moment* 
Axial  Load  Interaction  Curves 
INVESTIGATOR:  Y.  Maeda  0.  M.  Sidebottom 

P.  Van  Lierde  M.  E*  Clark 
CONTRACT :  AF  33 ( 616 ) -2753 

CONTRACTOR:  University  of  Illinois 

ABSTRACT:  This  paper  presents  the  results  of  a  study  undertaken  to 

determine  the  feasibility  of  using  the  digital  computer  to  make  the  time- 
consuming  calculations  necessary  to  construct  moment-load  interaction 
curves,  A  strip  method  of  numerical  integration  weis  set  up  to  solve  the 
equations  of  equilibrium  for  the  members,  this  method  allowed  a  genez^- 
ization  of  the  procedure  to  all  shapes  of  cross-TOCtion. 

In  setting  up  the  problem  for  the  digital  computer,  it 
was  not  convenient  to  work  with  the  actual  stress  distributions.  Instead, 
it  was  found  that  the  actual  stress  distribution  could  be  represented  by 
three  linear  stress  distributions  having  the  same  stress  gradient*  Load- 
and  moment-functions  were  computed  from  these  stress  distributions  and 
the  actual  load  and  moment  in  the  section  were  determined  from  these 
load-and  moment-functions* 

Load-  end  moment-ftmctions  for  sone  86  different  Condi¬ 
tions  for  T-,  angle-,  and  channel-section  members  were  determined  using 
the  digital  computer*  The  great  number  of  additional  computations 
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required  to  construct  the  interaction  eurres  once  the  load-  and  moment- 
functions  are  available  renders  the  digital  computer  method  reported 
herein  of  questionable  use*  Further  study  of  the  problem  could  possibly 
produce  methods  by  which  these  additional'  computations  could  be  made 
by  the  computer  and  thereby  make  the  method  more  efficient  and  useful* 

¥ADC  TR  56-330  Pt  VII  December  1957 

ASTIA  Document  No*  AD  142217 
OTS  Release 

SUBJECT t  THE  SEFECTS  OF  INELASTIC  ACTION  ON  THE  RESISTANCE  TO 

VARIOUS  TYPES  OF  LOADS  OF  DUCTILE  MEMBERS  MADE  iRCM 
VARIOUS  CLASSES  OF  METALS 

Part  VII*  Inelastic  Behavior  of  Aluminum  Alloy  I- 
Beams  with  Elliptic-Type  Web  Section  Cutouts 
INVESTIGATCRt  Will  J.  Worley 

Fred  D.  Breuer 

CONTRACT:  AF  33(6l6)-2753 

CONTRACTOR:  University  of  Illinois  and  Convair 

ABSTRACT:  This  report  represents  a  continuation  of  WADC  Technical 

Report  56-330.  Part  II,  April,  1957  and  Part  V,  May.  I957* 

This  continuation  was  undertaken  to  investigate  the 
fully  plastic  bending  behavior  of  aluminum  alloy  I-beams  with  elliptic- 
type  web  section  cutouts*  As  in  the  two  earlier  reports,  the  mechanism 
method  of  analysis  employing  the  Upper  Bound  Theorem  was  used  in  predicting 
the  ultimate  loads  of  the  various  beams*  The  I-beams  were  loaded  as 
simple  beams  with  center  loading*  The  Biathematical  relations  were  developed 
to  enable  solution  by  means  of  an  electronic  digital  computing  machine,  the 
Illiac*  The  results  obtained  on  the  Illiae  indicated  that  a  diamond  shape 
web  section  cutout  was  the  most  favorable  type  for  resisting  fully  plastic 
bending*  Tests  were  conducted  which  substantiated  the  results  obtained 
on  the  Illiac* 

WADC  TR  57-131  July  1957 

AHTIA  Document  No.  AD  I3O9IO 
OTS  Release 

SUBJECT:  THE  SAFETY  OF  AIRCRAFT  STRUCTURES 

INVESTIGATOR:  A.  M.  Freudenthal 

CONTRACT:  AF  33(616) -2729 

ABSTRACT:  The  concept  of  structural  safety  of  airframes  is  analyzed 

on  the  basis  of  its  relation  to  the  probability  of  structural  failure, 
with  a  view  of  establishing  procedures  of  quantitative  evaluation  of 
safety  factors  for  a  predetermined  *accepteble*  risk  of  failure* 

The  difference  in  the  approach  to  the  concept  of  safety 
for  ultimate  strength  and  for  fatigue  is  discussed,  considering  recent 
developments  in  fatigue  research,  particularly  the  results  of  fatigue 
tests  under  random  loading,  and  methods  of  safety  analysis  for  both 
conditions  are  proposed* 
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In  this  analysis  the  "limit  load*  or  "limit  load  factor* 
is  a  basic  concept.  It  shoiild,  however,  be  noted  that  this  concept  is  not 
identical  with  the  conventional  structural  design  criterion  of  the  same 
name*  The  difference  is  fimdamental:  while  in  conventional  design  the 
"limit  load*  is  a  derivative  concept  obtained  simply  by  dividing  the 
"ultimate  load*  by  an  arbitrary  •safety*  factor,  usually  l*5t  the  concept 
as  used  here  is  the  primary  load  criterion  defining,  independently  of  the 
ultimate  load,  a  limiting  condition  of  service  by  the  aid  of  which  fatigue 
design  and  design  for  limit  load  can  be  correlated* 

Since  it  is  a  purpose  of  the  present  analysis  to  discuss 
and  develop  procedures  for  the  rational  evaluation  of  safety  factors, 
e:q>ediently  defined  in  terms  of  ratios  of  the  ultimate  to  the  limit  load 
factor,  it  is  obvious  that  both  load  factors  have  to  be  independently 
derived  from  operational  criteria.  Thus,  while  the  meaning  of  the  concept 
of  "ultimate  load*  used  in  this  report  does  not  differ  significantly  from 
its  meaning  in  conventional  design,  the  "limit  load*  concept  is  signifi¬ 
cantly  different* 


WADC  TR  57-311  September  1957 

ASTIA  Document  No.  AD  I3IO98 
OTS  Release 

SUBJECT:  EFFECT  OF  LOADING  BATE  ON  THE  STRENGTH  OF  SINGLE  AND 

MULTIPLE  RIVETED  JOINTS 
INVESTIGATOR:  Richard  F.  Klinger 

ABSTRACT:  Slow  and  rapid  loading  tensile  shear  tests  were  conducted 

at  room  temperature  on  single  end  multiple  rivet  lap  end  butt  joints*  The 
joints  were  manufactured  with  a  standard  pneumatic  type  rivet  squeezer 
using  2II7-T3  aluminum  alloy  rivets,  1/8  inch  diameter,  end  Aided  2024-T3 
aluminum  alloy  sheet,  0*064*  thick*  The  ultimate  strengths  of  the  joints 
were  determined  with  times  to  the  ultimate  load  of  0*02  and  60  seconds* 

All  failiares  were  by  rivet  shear* 

The  results  indicate  that  the  effect  of  rapid  loading 
is  to  increase  the  strength  of  single  riveted  joints,  that  this  effect 
is  diminished  as  the  number  of  rivets  in  the  joint  increases  and  that 
when  the  number  of  rivets  in  the  joint  is  four  and  above  the  effect  of 
rapid  loading  is  to  decrease  the  joint  strength  slightly* 


WADC  TR  57-695  April  1958 

ASTI  A  Document  No.  AD  I5II65 
OIS  Release 


SUBJECT* 

INVESTIGATOR* 

CONTRACT* 

CONTRACTCR* 


DETERMINATION  OF  THE  MECHANICAL  PROPERTIES 
PURITT  LEAD  AND  A  0,05856  COPPER-LEAD  ALLOY 
Thomas  E.  Tietz 
AF  33(6i6)-3785 
Stanford  Research  Institute 


abstract*  The  mechanical  properties  of  a  high  purity 
0*058^  copperlead  alloy  were  determined  at  test  temperatures 
175 1  250,  and  325®F* 


OF  A  HIGH 


lead  and  a 
of  100, 
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Tocsile  properties  eT&luated  included  the  ultimate 
strength*  elongation*  modulus  of  elasticity*  proportional  limit*  and 
yield  strength*  Compression  properties  evaluated  were  the  modulus  of 
elasticity*  proportional  limit*  and  yield  strength*  Ultimate  shear 
strength  and  the  bearing  yield  strength  and  ultimate  bearing  strength 
were  determined*  Stress-creep  time  curves  were  obtained  for  total  strain 
values  of  0*2,  0*5*  1*0*  and  2*0%,  for  creep  times  of  from  1  hour  to 
500  hours* 


The  data  obtained  are  sumnarized  in  graphical  and  tabular 
form*  in  the  Experimental  Results  section  of  this  report. 


META.L5.  FERROUS 


WADC  TR  56-205  July  1957 

ikSTiA  Document  No.  AD  110474 
OTS  Release 


SUBJECT:  FATIGUE  INVESTIGATION  ON  HIGH  STRENGTH  STEEL 

INVESTIGATOR:  J.  K.  Childs 

M.  M.  Lemcoe 


CONTRACT:  AF  33(616 )-2513 

CONTRACTCR:  Southwest  Research  Institute 

ABSTRACT:  A  single  heat  of  aircraft  quality  SAE  4340  steel* 

heat-treated  to  190*000*  260*000  and  300*000  psi  ultimate  tensile 
strength*  was  tested  by  the  increasing  load  method( similar  to  Prot's 
method)  in  axial  loading  to  determine  the  variation  in  fatigue  properties 
under  each  of  the  three  mean  stress  conditions*  zero*  60*000  and 
90*000  psi*  Conventional  S-N  curves  were  determined  by  axial  load  tests 
at  190*000  psi  ultimate  tensile  strength*  under  zero  mean  stress  and 
90*000  psi  mean  stress,  to  provide  factors  for  adjusting  the  Prot-type 
failure  stresses  to  standard  mean  endurance  limit  values*  In  addition* 
Prot  rotating  beam  tests  were  performed  at  190,000  psi  ultimate  tensile 
strength* 


The  endurance  limit  under  completely  reversed  axial 
stress  increased  with  an  increase  in  ultimate  strength  from  190*000  pal 
to  260*000  psi*  but  appeared  to  decrease  when  the  same  material  was 
heat-treated  to  ^00,000  psi*  Under  high  mean  tensile  stress  the 
300*000  psi  material  may  have  a  fatigue  strength  superior  to  that  of 
the  260*000  psi  material* 

WADC  TR  56-555  May  I958 

ASTIA  Document  No.  AD  I30755 
OTS  Release 

SUBJECT:  DEVEL0PI-4ENT  OF  NEW  MECHANISMS  AND  TECHNIQUES  FOR 

OBTAINING  STEEI^  IN  THE  ULTRAHICai  STRENGTH  RANGE 
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INVESTIGATORS 


Desnian  Gullotti 
Erwin  Eichen 
Joseph  U .  Spretnak 
CONTRACT:  AE  33(6l6)-2879 

CONTRACTORS  Ohio  State  University  Research  Foundation 

ABSTRACT:  Two  possible  methods  of  obtaining  steels  in  the  high 

strength  range  were  investigated,  namely,  the  superimposition  of  plastic 
deformation  on  the  transformation  of  austenite  to  martensite,  and  the 
production  of  hi^  nitrogen-low  carbon  (o«25/S  maximum)  martensite.  In 
the  deformation  of  austenites  prior  to  transformation,  increases  in 
tensile  strength  up  to  10%  and  in  elastic  limit  up  to  3^%  were  obtained. 

In  steels  of  base  composition  C-0.20,  Si-1.60,  Mn  0.75*  Cr-1.40,  increasing 
the  nitrogen  content  from  O.OO4  to  0.009%  increased  the  0.2%  offset  yield 
strength  about  6%  and  the  tensile  strength  about  3*55^»  ductility  was 

essentially  unaffected  by  this  increase  in  nitrogen  content. 

WADC  TR  58-39®  November  193® 

SUBJECT :  AN  INVESTIGATION  OF  ABSORBED  HYDROGEN  IN  ULTRA- 

HIGH-STRENGTH  STEEL 
INVESTIGATE  s  Charles  R.  Simcoe 

Arthur  R.  Elsea 
George  K.  Manning 
COI/TRACT  s  AF  33  (  616  )  -3202 

CONTRACTE:  Battelle  Memorial  Institute 

ABSTElACTs  A  study  was  made  of  the  relationship  between  current 

density  and  the  permeation  of  hydrogen  through  a  thin,  steel 
membrane  which  was  the  cathode  in  an  electrolytic  cell.  The  established 
relationship  was  used  to  study  the  effect  of  the  variation  in  hydrogen- 
absorption  rate  on  the  time  for  rupture  to  occur  under  sustained  stress. 

It  was  found  that  the  relationship  between  the  rupture  time  and  the  rate 
at  which  hydrogen  was  absorbed  by  the  steel  could  be  expressed  by  the 
equation  Tf=  KP“^/3  where  Tf  was  the  rupture  time,  K  was  constant  for 
each  applied  stress,  and  P  %<a3  the  ijermeation  rate, 

A  study  was  made  of  the  incubation  times  for  crack 
nucleation  and  of  crack  growth  rates  under  various  experimental  conditions. 
Incubation  times  increased  with db creasing  applied  stress.  Crack  growth 
rates  also  increased  with  decreasing  applied  stress,  whereas,  it  was 
expected  that  they  would  decrease. 

The  effect  of  other  factors,  such  as  austenitizing 
temperature,  prestrain,  precharging,  composition  of  the  steel,  and  torsion 
loading,  upon  the  rupture  time  also  was  studied. 

WADC  TR  37-501  December  1937 

AjSTIA  Document  No.  AD  1422 65 

SUBJECT:  MECHANICAL  PROPERTIES  OF  SOiyE  SILICON-MODIFIED  HIE 

STRENGTH  STEEIS 
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INVSSTlGATCRi 


Carl  J,  Altstetter 
Morris  Cohea 
B,  L.  Averbaoh 
CONTRACT  i  AT  33( 6l6 )-2012 

CONTRACTOR:  Massachusetts  Institute  of  Te<dinology  » 

ABSTRACT:  The  mechanical  properties  of  43^  steels «  containing 

0«15^»  0*8[5^  Slid  0«37^  carbon*  with  and  without  3^  silicon*  were  determin¬ 
ed  as  a  function  of  teoDpering  temperature*  4337  steels  with  1*5^  silicon 
and  with  ▼ariations  in  nickel*  molybdenum  and  boron  were  also  tested*  The 
chief  advantage  of  the  silicon  addition  appears  at  high  strength  levels* 
Silicon  retards  the  third  stage  of  teopering*  and  an  ultimate  strength  of 
300*000  psi  is  developed  in  4337  (3«C  Si)  even  after  tempering  as  high  as 
6oO**F*  The  ductility  and  iiipact  prcperties  are  not  adversely  affected  at 
this  strength  level  by  the  silicon*  Silicon  was  also  found  to  increase  the 
as-quenched  hardness*  especially  in  the  two  lower  carbon  grades* 


WADC  TR  58-108  Pt  I  March  I958 

ASTIA  Document  No*  I5I075 
OTS  Release 

SUBJECT:  THE  EFFECT  OF  CAIMIUM  PLATING  CN  SAE  4340  STEEL  IN  THE 

PRESENCE  OP  STRESS  CCNCHTTRATIONS  AT  ELEVATED  TEMPERATURES 
INVESTIGATOR:  E*  M.  Kennedy*  Jr*.  Major 

ABSTRACT:  An  investigation  was  carried  out  to  determine  the  effect 

of  cadmium  plating  on  the  tensile  and  stress  rupture  properties  of  high 
strength  steel  at  elevated  teoperatures*  Tests  were  conducted  on  SAE  4340 
steel*  and  properties  of  this  material  were  investigated  in  the  annealed 
and  heat  treated  conditions*  The  annealed  material  was  investigated  at 
600^F  and  6ll°F*  effects  on  properties  of  the  heat  treated  material  were 
investigated  at  500°r*  600®F  and  6ll®F*  The  properties  of  cadmium  plated 
steel  in  both  conditions*  annealed  and  heat  treated*  were  compared  with 
the  properties  of  implated  steel  subjected  to  the  same  test  conditions* 


MBTAIS.  HIGH  TEMPERATORE 


WADC  TR  55-243  September  1957 

ASTIA  Document  No*  AD  I3I071 


SUBJECT: 

INVESTIGATOR: 

CONTRACT: 


DEVELOPMENT  OF  ALLOYS  HAVING  GOOD  HIGH  TEMPERATURE 
PROPERTIES  THROUGH  POWDER  MEPALLURGSr  TECHNIQUES 
Dr.  R*  Meffer 
Dr*  F*  Benesovsky 
AF  61  (514)-741-C 
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CONTRACTCB :  Matallwerk  Flansee 

ABSTRACT:  Pure  titanium  carbide  and  titanium  carbide  with  molybdenum 

carbide,  vanadium  carbide  and  chromium  carbide  have  been  alloyed  with  re¬ 
fractory  binding  agents  such  as  iron-aliminum  alloys  with  a  content  of  8  to 
14  %  of  aluminum  as  well  as  Fe-Al-Cr,  Fe,  Cr-Al  and  Fe-Al-Mo,  The  carbide 
phase  has  been  varied  frcm  5  to  35%. 

The  most  promising  alloys  found  out  among  the  12  series  of 
alloys  consisted  of  a  binding  agent  of  iron-aluminum  with  12  or  of  alumi¬ 
num  and  of  mixed  crystals  of  titanium  carbide  -  chromium  carbide  90/IO. 

All  aloys  examined  can  be  shaped  to  a  certain  extent  at 
high  temperatures. 


WADC  TR  57-242  November  195? 

ASTIA  Ebcument  No.  AD  I42086 
OTS  Release 


SUBJECT:  INVESTIGATION  OF  Fe-Jfa-Cr-N-C  SISTM  FCR  HEAT 

RESISTANCE  AND  OXIDATION  RESISTANCE  BETWEEN 
1200°F  and  2000°F. 

INVESTIGATOR:  Chi-Mei  Hsiao 

Edward  J,  IXilis 
CONTRACT:  AF  33(6l6)-3318 

CONTRACTOR:  Crucible  Steel  Cooipany  of  America 

ABSTRACT:  A  comprehensive  study  of  x/rought  Cr-ffa-C-N  steels  was  con¬ 

ducted  with  the  objectives,  (l)  of  developing  outstanding  elevated-ten?iera- 
ture  steels  that  contain  a  minimum  amount  of  strategic  alloying  elements, 
and  (2)  of  advancing  the  existing  knowledge  of  this  new  type  of  steel.  Based 
on  the  results  of  the  present  investigation  phase  boundaries  of  the  base  com¬ 
positions  of  stable  austenitic  Gr-Mn-C-N  steels  have  been  established,  and  the 
effects  of  these  elements  and  of  V,  W,  Mo,  and  Cb  on  the  microstructiores, 
end  the  room-  and  elevated- teihperature  properties  of  the  steels  have  been 
evaluated,  A  nomograph  was  prepared  to  facilitate  the  designing  of  the  base 
con^jositions  of  these  steels,  aid  the  estimating  of  their  room-  and  elevated- 
temperature  properties. 


These  steels  are  not  as  resistant  to  oxidation  as  are  the 
Cr-Ni  steels  at  comparable  Cr  levels.  However,  Cr-Mn-C-N  base  steels  that 
have  properly  balanced  compositions  possess  an  excellent  combination  of 
strength  and  ductility  at  both  room-  and  elevated-temperatures.  For  exan^le 
a  steel  containing  ,6C,  12  Mn,  24  Cr,  ,7  N,  ,4V,  2  W,  and  ,9  Cb,  had  a  185* 
000  psi  tensile  strength,  a  120,000  psi  yield  strength,  a  48%  elongation, 
and  a  40%  reduction  of  area.  Also,  its  rupture  strength  was  superior  to 
those  of  16  Cr  -  25  Ni  -  6  Mo,  10.55,  19-9DL,  and  A-286  in  the  temperature 
range  of  1200  to  I4OO  F, 
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INVESTIGATOR t 
CCNTRACT: 
CONTRACTOR: 
ABSTRACT: 


SUBJECT:  IRON-AIDMINUM  ALLOY  SYSTEMS 

Part  1  -  Fundamental  Studies  and  Alloy  Daveloianent 
F,  X,  Kayser 
AF  33  (600 )-3 2448 
Ford  Motor  Company 

An  extensive  program  is  being  carried  on  to  study  the  me¬ 
chanical  and  physical  behavior  of  recrystallized  iron-aluminum  alloys  con¬ 
taining  up  to  18,5  weight  percent  aluminum.  Data  are  presented  Illustrating 
the  effect  of  aluminum  on  the  stress-rupture  and  tensile  properties.  It  is 
concluded  that  the  re crystallized  binary  alloys  are  too  low  in  hot  strength 
to  consider  for  use  in  moderate  stress  application  at  ten^eratures  in  excess 
of  1000°F,  Special  attention  has  been  given  to  the  development  of  higher 
hot  strength  alloys.  The  effect  of  titanium  on  hot  strength  is  demonstrated. 


The  effects  observed  of  order-disorder  transformations  on 
mechanical  properties  are  of  fundamental  interest.  Some  interesting  and 
unique  magnetic  phenomenon  have  been  discovered  in  the  binary  alloys  among 
which  is  a  continuous  change  from  ferro-magnetic  to  anti-ferromagnetic  be¬ 
havior. 


WADC  TR  57-298  Pt  II  May  I957 

ASTIA  Document  No,  AD  I30824 


SUBJECT:  IRON- ALUMINUM  ALLCY  SYSTEMS 


Part  II  -  Some  Investigations  in  Air-Melting  and 
Application  of  Iron-Aluminum  Alloys 
INVESTIGATOR:  Joseph  J.  Clark 

William  J,  Zager 
CONTRACT:  AF  33(6oO)-32448 


CONTRACTOR:  Ford  Motor  CoiEpany 

ABSTRACT:  During  the  period  April  195^  to  April  1957  the  Process 

Development  Department  of  the  Manufacturing  Engineering  Office  of  Ford 
Motor  Conpany  air-melted  a  series  of  heats  of  iron- aluminum  alloys  in  the 
6  to  10%  aluminum  range.  The  melting  and  deoxidation  of  these  heats,  per¬ 
formed  in  indirect-arc  type  furnaces,  are  described.  Mechanical  properties 
obtained  on  bar  stock  rolled  from  Ingots  cast  from  a  number  of  these  heats 
are  compared  with  established  properties  of  vacuum-melted  alloys  of  similar 
con^osition.  Results  of  some  exploratory  heats  involving  changes  in  basic 
melting  stock,  as  well  as  some  with  small  additions  of  third  elements,  are 
presented. 


Initial  attempts  to  produce  sound  castings  in  sand  molds 

are  described. 


Performance  of  certain  iron-aluminum  alloy  samples  and 
fabricated  articles  in  service  is  described. 
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WADC  TR  37-298  Pt  III 
ASTIA  Document  No.  AD  I3O823 
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SUBJECT:  IRON-ALUiyUNUlvi  ALLOY  SYSTEMS 

Part  3  ”  Welding  of  Iron -Aluminum  Alloys 
INVESTIGATOR;  R.  Burthwick 

S.  Goodman 

CONTRACT:  aF  33 (6OO) -32448 

CONTRACTOR:  Ford  Motor  Company 

ABSTRACT:  Investigations  were  conducted  to  develop  fusion  welding 

and  resistance  welding  procedures  for  three  (3)  heats  of  iron-aluminum 
alloy.  Successful  fusion  welding  procedures  were  developed  using  the 
tungsten  inert  gas  shielded  arc  process.  Variables  of  power  type,  current, 
voltage,  shielding,  travel  speed,  cleaning,  preheat  and  postheat  were 
investigated.  No  definite  resistance  welding  schedule  was  established, 
although,  successful  welds  were  realized  with  several  schedules.  Three 
fabrications  were  made  using  the  fusion  welding  process  in  order  to  eval¬ 
uate  weld  and  material  performance  under  service  condition.  The  service 
evaluations  had  not  been  completed  at  the  time  of  writing  this  report. 


WADC  TR  37-309  August  1937 

SUBJECT;  JOINING  OF  MOLYBDENUM 

INVESTIGATOR;  W.  N.  Platte 

CONTRACT :  AF  33 ( 616 ) -3324 

CONTRACTOR;  Westinghouse  Research  Laboratories 

ABSTRACT;  An  examination  of  available  metallurgical  data  on  molybdenum 

base  alloys  indicated  that  additions  of  aluminum,  titanium,  carbon,  and 
zirconium  should  provide  good  welding  properties.  A  group  of  the  alloys 
selected  was  welded  in  a  chamber  containing  an  atmosphere  of  eu*gon.  Mech¬ 
anical  and  metallurgical  tests  showed  that  aluminum  additions  in  the  range 
of  0.18  to  0.22^  gave  welds  that  could  be  deflected  120®  at  room  temperature. 
However,  ell  the  alloys  containing  alximinum  showed  fine  pcrosity.  Titanium 
additions  of  0.3/S  produce  welds  which  can  be  deflected  120°  at  temperatures 
between  80  and  120®F  depending  upon  the  amount  of  carbon  in  the  alloy.  Welds 
in  0.3%  Ti  with  0.03%  C  produced  the  best  results.  No  porosity  was  observed 
in  titanium  alloys.  Carbon  in  molybdenum-carbon  alloys  was  shown  to  improve 
the  weld  metal  ductility  by  reducing  the  oxygen  content  of  the  base  material 
and  by  a  protective  deoxidization  action  during  welding.  Molybdenian  w ith 
0.06%  carbon  showed  the  best  bend  ductility  within  the  carbon  range  examined. 

The  effect  of  welding  speed  on  the  grain  size  of  the  weld 
metal  was  examined.  While  it  is  theoretically  possible  to  reduce  the  weld 
metal  grain  size  by  increasj.ng  the  welding  speed,  experimental  difficulties 
were  encountered  due  to  retraction  of  the  weld  metal  at  speeds  of  2  cm/sec. 
Chilling  the  weld  failed  to  overcome  these  difficulties. 

Post-welding  residual  stresses  were  measured  and  it  was 
found  that  these  stresses  could  be  eliminated  by  a  vacuiun  heat  treatment  at 
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1832  The  residual  stresses  found  in  the  welds  prior  to  heat  treatment 
are  sufficiently  large  to  produce  fracture  without  additional  applied 
stress.  The  post-welding  stress  relief  wa's  accomplished  before  the  weld 
had  cooled  to  the  transition  range.  Crater  cracking  was  effectively 
prevented  by  this  heat  treatment. 


WIDC  TR  57-343  November  1957 

iSTlA.  Document  No.  ^  142117 
OTS  Release 

SUBJECT*  A  STUDY  OF  THE  METALLURGICAL  PROPERTIES  THAT  ARE 

NECESSARY  FCR  SATISFACTORY  BEARING  PERFORMANCE 
AND  THE  DEVELQP^ENT  OF  IMPROVED  BEARING  ALLOYS  FOR 
SERVICE  UP  TO  1000  F 
INVESTIGATdi*  Gopal  K.  Bhat 

Alvin  E.  Nehrenberg 
CONTRACT:  AF  33(6l6)-33l8 

CONTRACTCRi  Crucible  Steel  Company  of  America 

ABSTRACT*  The  use  of  bearings  made  from  hot  work  steels  and 

other  tool  steels  in  e:q>erimental  engines  has  resulted  in  a  few  premature 
engine  failures.  Unfortunately,  very  little  has  been  known  about  the 
elevated  temperature  properties  such  as  hot  hardness,  compressive  yield 
strength,  resistance  to  softening  and  structural  and  dimensional  stability 
of  these  hot  work  and  other  tool  steels.  Ihis  report  describes  the  work 
done  to  obtain  these  material  properties  for  29  steels  ranging  in  type 
from  3AE  52100,  its  modifications,  to  hot  work  and  other  tool  steels.  An 
analysis  of  the  data  obtained  shows  that  Halmo,  ViM,  M50,  MIO,  Tl,  M2, 

Ml  and  two  experimental  compositions  one.  Steel  B,  containing  0.70  carbon, 
4.20  chromium,  O.60  vanadium,  and  5*30  molybdenum,  and  the  other.  Steel  G, 
containing  1,31  carbon,  4»07  chromium,  4»13  vanadium,  5*75  tungsten,  and 
4.87  molybdenum,  are  suitable  for  elevated  temperature  aircraft  bearing 
application.  From  a  point  of  view  of  temperature  range  of  application 
these  steels  have  been  classified  as  follows: 

Room  Temperature  up  to  JOO  F  Halmo  1 

Room  Temperature  up  to  800  F  VSM,  M50,  MIO  and  Steel  B 

Room  Temperature  up  to  9^0  F  Tl,  M2,  Ml  and  Steel  G 

None  of  the  steels  investigated  appeared  suitable  for 

application  at  1000  F. 

¥ADC  TR  57-426  December  I957 
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SUBJECT*  INVESTIGATION  OF  THE  EFFECTS  OF  INCONGRUOUS  ELEMENTS 
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ELEaVENTS  AMD  THE  IWTERACTION  EEEECTS  OF  THESE 
ELEiVENTS  OW  HIC3H  TL^IPERATURE  STRENGTH  OF  FE-CO- 
NI-CR  AELOyS 

INVESTIGATOR:  J.  H.  Sye 

T.  L«  Robertshaw 
F.  M*  Richmond 

CONTRACT:  AF  33(6l6)-2777 

CONTRACTOR:  Uni Tersal -Cyclops  Steel  Corporation 

ABSTRACT:  An  investigation  was  made  of  the  effect  of  five 

combinations  of  incongruous  elements  on  the  high  temperature  properties 
of  vacuum  melted  alloys  with  a  base  composition  of  6o  atomic  £  Ni, 

20  atomic  %  Cr«  10  atomic  %  Fe»  10  atomic  %  Co*  Balanced,  experimental 
designs  were  used  for  each  group* 

In  the  group  of  alloys  containing  additions  of  Al* 

Ti  end  W  to  the  base*  a  cast  alloy  had  a  stress-rupture  life  of 
133*9  hours  at  ISOOF  and  15*000  psi*  A  forged  alloy  of  this  series 
obtained  a  life  of  149*1  hours  at  ITS*^^  15*000  psi. 

The  value  and  limitations  of  balanced  experimental 
designs  are  discussed. 

A  metallographic  study  of  cast  and  wrought  alloys  is 

appended* 

¥ADC  TR  57-535  February  1958 

ASTIA  Document  No.  AD  I5097I 
OTS  Release 

SUBJECT:  A  STUDY  OF  THE  POSSIBILITY  OF  REINFORCING  HIGH- 

TEMPERATURE  ALLOYS  BY  ADDITION  OF  REFRACTCKY 
POWDERS  . 

INVESTIGATCK:  John  D.  Burney 

CONTRACT:  AF  33(6l6)-2959 

CONTRACTOR:  P.  R.  Mallory  &  Co*,  Inc. 

ABSTRACT:  This  investigation  was  concerned  with  attempting  to 

reinforce  80  Ni-20  Cr  alloy  by  the  addition  of  such  refractory  oxides 
as  Ti02  and  ■^2^3* 

Several  powder  metallurgical  fabrication  techniques 
were  investigated  such  as  (1)  pressing  and  sintering*  (2)  pressing  and 
sintering  followed  by  various  working  procedures,  (3)  internal  oxidation 
and  (4)  liquid  phase  sintering. 

In  the  press-sinter  method  of  fabrication,  the  best 
stress-rupture  characteristics  at  l600°F  were  obtained  with  additions 
of  3*0  -  4.55s  TiOg*  An  addition  of  4*55S  Ti02  resulted  in  a  rupture  tijne 
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of  29*6  hours  as  compared  to  a  rupture  time  of  1.0  hour  obtained  on 
bars  containing  no  Ti02* 

Various  hot  and  cold  working  procedures  did  not  result 
in  any  improTed  stress-rupture  properties. 

The  liquid  phase  sintering  technique  produced  the  best 
stress-rupture  properties.  Stress-rupture  tests  at  1800®F  showed  a 
stress  of  6200  psi  for  an  80  Ni-20  Or  +  l.OJ?  TiO^t  C  material  which  was 
more  than  three  fold  better  than  wrought  Ni chrome  V,  Stress^-rupture 
tests  on  the  same  materials  at  1975°^  showed  the  liquid  phase  material 
to  hare  twice  the  strength  of  Nichrome  V.  The  impact  strengths  varied 
from  10  to  more  than  50  inch  pounds.  Room  temperature  tensile  strengths 
which  were  fairly  consistent,  averaged  about  75*000  psi.  The  thermal 
shock  properties  were  excellent  and  the  oxidation  resistance,  although 
not  quite  as  high  as  Nichrome  V,  was  considered  good. 

WARC  TR  57-649  Pt  I  January  I958 

ASTIA  Document  No,  142284 
OTS  Release 

SUBJECT:  DETERMINATION  OF  THE  MECHANICAL  PROPERTIES  OF  AIRCRAFT- 

STRUCTURAL  MATERIALS  AT  VERY  HIGH  TEFIPERATURES  AFTER 
RAPID  HEATING 

INVESTIGATOR:  James  B.  Preston 

William  P.  Roe 
J.  Robert  Kattus 

COIOTACT:  AF  33(6i6)-3494 

CONTRACTOR:  Southern  Research  Institute 

ABSTRACT:  Structural  components  in  high-speed  aircraft  and  in 

missiles  must  function  for  short  periods  of  time  at  high  temperatures 
and  at  high  stresses.  The  heating  time  end  loading  time  in  conventional 
tests  for  design  data  usually  exceed  those  that  apply  in  high-speed 
aircraft  and  in  missiles.  A  study  was  made,  therefore,  of  the  mechanical 
properties  —  tensile,  creep,  fracture,  compression,  shear,  and  bending 
—  of  several  structural  materials  under  conditions  of  moderate  to  rapid 
rates  of  heating  and  of  loading 

The  materials  involved  in  this  investigation  included 
electrolytic-tough-pitch  copper,  oxygen-free  high-conductivity  copper, 
A-nickel,  ingot  iron,  molybdenum,  tantalum,  Type  GBH  graphite,  and 
composite  OFHC  copper  plus  31^  stainless  steel  sheet.  The  testing 
temperatures  ranged  from  room  temperature  to  the  melting  points  of  the 
metals  and  to  5750°^'  Tor  the  graphite.  The  total  heating,  holding,  and 
loading  times  to  failure  ranged  from  about  three  seconds  to  about  30 
minutes.  Many  of  the  tests  were  carried  out  both  in  air  and  in  inert 
atmospheres, 
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It  was  found  that  the  strength  of  the  test  metals 
decreased  continuously  with  increasing  temperatures.  The  graphite, 
however,  increased  in  strength  up  to  and  then  decreased  in  strength 

with  further  increases  in  temperature.  With  constant  load  and  constant 
temperature  and  with  transient  load  or  transient  temperature,  the 
inherent  load-carrying  capacity  of  the  metals  increased  with  decreasing 
times  under  load.  The  inherent  strength  cf  the  graphite  was  not  signi¬ 
ficantly  affected  by  variations  in  time  under  load. 

The  mechanical  properties  of  the  copper  and  of  the 
nickel  test  materials  were  not  significantly  affected  by  exposure  to 
air  at  temperatures  up  to  their  melting  points  within  the  time  limitations 
of  the  various  tests.  Because  of  oxidation,  the  apparent  strength  of 
the  iron,  molybdenum,  tantalum,  and  graphite  decreased  with  increasing 
exposure  times  to  air  at  elevated  temperatures. 

WADC  TR  57-678  March  I958 

aSTIA  Document  Wo.  AD  151035 
OTS  Release 

SUBJECT;  STUDIES  AND  Ca''IPARIS0N  OF  THE  PROPERTIES  OF  HIC3H 

TEMPERATURE  ALLOi^S  MELTED  AND  PRECISION  CAST  BOTH 

IN  AIR  AItti  IN  VACUUM 
I1>JVESTIGATCR :  Milo  J,  Stutzman 

cootract:  af  33 (616) -3468 

COiTTRACTOR;  Westinghouse  Electric  Corporation 

ABSTRACT:  The  objective  of  the  research  program  for  USAF 

Contract  No.  AF  33(6l6)-3468  was  the  investigation  of  the  potentialities 
for  improvement  of  the  mechanical  properties  at  elevated  temperature  of 
heat-resisting  alloys  by  varied  practice*  of  melting  and  investment 
casting.  Two  cobalt  and  two  nickel  base  alloys  were  prepared  under  the 
following  casting  conditions: 

1.  Stellite  31  was  melted  and  investment  cast  in  air 
and  in  vacuum,  with  an  argon  atmosphere  for 
poiiring. 

2.  He  1049  was  melted  and  investment  cast  in  air  and 
in  vacuum,  with  an  ergon  atmosphere  for  po’iring, 

3®  Utimat  500  melted  and  investment  cast  in 
vacuum  with  end  without  additions  of  airconium 
and  boron. 

4.  Guy  Alloy  was  melted  and  investment  cast  in  vacuum 
and  in  ergon. 
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The  etffects  of  melting  and  easting  procedures  upon  the 
gas  (hydrogen,  oxygen,  oxygen  and  nitrogen)  contents,  the  tensile  proper¬ 
ties  at  rocsn  and  elevated  temperatures,  the  stress-rupture  properties  in 
the  range  of  133^  1800  F,  and  the  oxidation  resistance  to  air  at  constant 

temperature  of  2000  F  and  intermittent  exposure  to  air  at  room  temperature 
and  2000  F  were  studied. 

The  data  obtained  on  this  program  failed  to  support  gen¬ 
eral  conclusions  applicable  to  the  four  alloys  under  investigation.  Tests 
of  specimens  of  one  alloy  failed  to  substantiate  data  obtained  from  other 
tests  for  related  properties.  The  data  must  be  evaluated  for  each  alloy 
with  close  correlation  to  service  conditions  for  design  applications* 


WADC  m  57-717  December  1957 

ASTIA  Document  No*  AD  li|2258 
OTS  Release 

SUBJECT:  INTERMEDIATE  PHASES  IN  THE  IRON-TUNGSTEN  AND  COBALT- 

TUNGSTEN  BINARY  SYSTEMS 
INVESTIGATOR:  Edward  C,  Van  Reuth 

ABSTRACT:  Fifty-three  alloys  have  been  examined  in  the  Fe-W  and 

Co-W  alloy  systems  in  an  attempt  to  verify  the  finding  of  si^oa  phases 
in  these  systems  as  reported  by  Goldawdimidt •  Selected  regions  of  both 
vinazy  equilibrium  diagrams  were  investigated  by  examining  alloys  metallo- 
graphically  and  by  X-ray  diffraction  techniques*  The  results  of  this 
investigation  indicate  that  neither  of  these  systems  contains  a  sigsa 
(0~)  i^ase.  However,  they  do  conatin  an  xi  (Jf)  phase  originally 

labeled  by  Arnfelt  and  Westgren,  and  Magneli  and  Westgren  (My¥^), 

It  was  also  found  that  some  portions  of  the  existing 
equilibrium  diagrams  should  be  changed. 


WADC  TP  58-28  April  I958 

ASTI  A  Docimient  No,  AD  15116I 
OTS  Release 


SUBJECT:  THE  STRENGTHENING  OF  AUSTENITIC  SOLID  SOLUTIONS 

INVESTIGATOR;  F.  Eberle  E.  J.  Rozic 

J.  H.  Hoke  W.  £.  Leyda 


CONTRACT:  AF  33(6l6)-2413  and  AF  33(6l6)-5208 

CONTRACl’OR:  The  Babcock  &  Wilcox  Company  Research  Center 

ABSTRACT:  Among  vacuum-melted  wrought  carbon-free  alloys  of  Fe- 

Cr-Ni,  Fe-Cr-Co,  and  ?e-Cr-Ni-Co,  the  compositions  10Fe-20Cr-70Ni  and 
20  Cr  -  80  Co  teve  shown  highest  100-bour  rupture  strength  at  1800®F. 


Strengthening  susceptibility  studies  with  these  two  base  compositions  by 
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solid  solution  hardening,  complex  carbide  hardening,  and  intermetallic 
compound  hardening  revealed  that  the  nickel  base  responds  most  effectively 
to  intermetallic  compound  hardening  with  Ti  and  A1 ,  less  so  to  complex 
carbide  hardening,  and  not  at  all  to  solid  solution  hardening.  The  cobalt 
base  responds  to  all  three  methods  of  strengthening;  however,  it  does  not 
attain  as  high  a  level  of  rupture  strength  at  1800®F  as  the  nickel-base 
alloys. 


MTALS,  NOIJFERRQUS  ALUMIMM 


WADG  TR  56-585  Pt  I  September  I957 

ASTIA  Document  No.  AD  I42007 
OTS  Release 

SUBJECT:  Ei’EECTS  OF  TEIVIPERATURE-TIME-STRESS  HISTORIES  ON  THE 

MECHANICAL  PROPERTIES  OF  AIRCRAFT  STRUCTURAL  METALLIC 
MATERIALS 

Part  1.  Temperature -Time  Studies  for  2024-T3  and 
7075-T6  Alclad  Sheet 
INVESTIGATOR:  Robert  E.  Fortney 

Charles  H.  Avery 
CONTRACT:  AF  33(6l6)-3028 

CONTRACTCB:  Northrop  Aircraft,  Inc. 

ABSTRACT:  In  order  to  establish  realistic  design  criteria  applicable 

to  aerodynamically  heated  materials  and  their  complex  combinations  of 
temperature,  time  and  stress  escposure  end  inspection  criteria  for  mater¬ 
ials  after  exposure  to  complex  service  conditions,  the  tensile  properties 
of  2024-T3  alclad  and  7075-T6  alclad  sheet  were  determined  at  room  tem¬ 
perature,  200,  300  and  400°F  after  single  and  sequential  multiple  eigposure 
in  the  range  250  through  600®F.  In  euidition,  the  Rockwell  hardness 
properties  at  room  temperature  after  the  above  exposure  conditions  were 
determined  to  provide  a  basis  for  inspection  of  aircraft  after  service 
exposure  to  aerodynamic  or  engine  heating* 

Five  tensile  properties  were  determined  for  each  exposure 
and  test  condition.  Three  of  these,  the  proportional  limit,  modulus  of 
elasticity,  and  percent  elongation  were  tabulated  and  graphed  in  a  non- 
dimentional  form  to  generalize  the  data  with  respect  to  test  material 
variability.  Since  the  yield  and  ultimate  strengths  determine  the  load 
carrying  ability,  these  tensile  properties  were  analyzed  carefully  and 
generalizations  with  respect  to  exposure  temperature  and  time  and  testing 
temperature  were  accomplished.  Statistical  calculations  were  made  to 
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determine  the  accuracy  of  the  various  analyses.  The  conclusion  was  reached 
that  the  yield  and  ultimate  strength  analysis  is  adequate  for  establishing 
design  criteria  in  the  range  room  temperature  through  after  complex 

exposures  to  times  from  1.0  to  1000  hours  at  temperatures  from  230  to  600®F. 

Materiel ,  equipment ,  specimens  and  procedures  are  described 
in  detail.  Test  results  are  presented  in  the  form  of  tables  and  curves  to 
illustrate  the  effect  of  the  exposure  and  test  conditions  on  the  materials 
under  investigation  and  the  effect  of  normalization  analyses  on  the  general¬ 
ization  of  the  data. 


META.L3.  NONFERRQUS  MAQtffiSIUM 


WADC  TR  36-415  September  1^)37 

ASTIA  Document  Ko.  AD  131042 
OTS  Release 

SUBJECT  I  DEVELOPMENT  OF  TMlp.  MAGNESIUM  SHEET  ALLOY 

INVESTIGATOR:  H.  A.  Johnson 

R.  D.  Masteller,  l/Lt 

ABSTRACT:  A  very  promising  magnesivim  alloy  system  was  developed 

which  appears  superior  to  AZ3I  sheet  alloy.  This  alloy  has  been  designated 
as  ZM  41  end  has  a  nominal  composition  of  4  2iinc  +  1.0  Manganese  +  0.7 
Mischmetal  balance  Magnesium.  Some  of  the  features  of  ZM41  alloy  compared 
to  AZ3I  are  higher  strength,  more  uniform  longitudinal  end  transverse 
tensile  properties,  and  a  much  greater  tolerance  for  iron  without  the 
corrosion  resistance  of  the  alloy  being  adversely  affected. 


WADC  TR  36-478  September  1937 

ASTI A  Document  No.  AD  142008 


SUBJECT:  LITERATUPE  SURVEY  OF  THE  CORROSION  01  liAGNESIUM  AND 

MAGNESIUM  ALLOYS 
INVESTIGATOR:  Henri  S.  Sack 

Bryon  P.  Roe 


CONTRACT:  AF  33(6l6)-3032 

CONTRACTOR:  Cornell  University 

ABSTRACT:  This  report  represents  a  literature  survey  of  the  corrosion 

of  magnesium  and  magnesium  alloys,  and  emphasizes  papers  published  since 

1940.  In  view  of  the  complexity  of  the  phenomena  and  controversial  or 
insufficiently  documented  experimental  results  only  very  few  generaliz¬ 
ations  concerning  the  corrosion  process  can  be  made. 
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ASTIA  Document  No,  AD  151016 
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SUBJECT:  INVESTIGATION  OP  ALLOYS  OF  FIAGNESIUI‘5  AIMD  THEIR 

PROPERTIES 

Part  I  -  Shop  and  Service  Characteristics  of 
Several  Premising  Wrought  Magnesium  Alloys 
INVESTIGATOR:  F.  W.  Hyslop 

G.  S.  Foerater 

CONTRACT:  AF  33(6l6)-2337 

CONTRACTOR:  The  Dow  Chemical  Company 

ABSTRACT:  The  shop  and  service  characteristics  of  several  promising 

wrought  magnesium  alloys  were  determined.  The  evaluation  of  HM21AA  and 
2H11X1,  outstanding  sheet  alloys  at  high  and  moderate  temperatures* 
respectively,  includes  mechanical  properties,  formability,  weldability, 
corrosion  resistance,  end  fi-,ishing.  The  effect  of  alloy  modifications  on 
mechanical  properties,  bending  characteristics,  and  corrosion  resistance 
of  2K60XB  pellet  extrusions  was  evaluated.  Bie  room  temperatiire  tensile 
properties  of  2E41^»  e  high  strength  sheet  alloy,  are  also  included. 


WADC  TR  57-194  Pt  II  September  I957 

ASTIA  Document  No.  AD  I3IO34 
OTS  Release 

SUBJECT:  INVESTIGATION  OF  ALLOYS  OF  MAGNESIUM  AND  THEIR 

PROPERTIES 

Part  II  Thermal  and  Electrical  Properties  of  Magnesium 
Base  Alloys 

IIvIVESTI GATOR:  H.  Baker 

CONTRACT:  AF  33(6l6)-2337 

COI/TRACTOR:  The  Dow  Chemical  Company 

ABSTRACT:  The  electrical  resistivities  for  cast  AZ3IA  &  B, 

A263A,  AZ8IA,  AZ9IC,  AZ92A,  AMIOQA,  EK3OA,  EK4IA,  EZ33A,  HK3IA,  rolled 
HK3IA  and  HM21XA*  and  cast  HZ32A  were  determined  at  room  temperature  and 
in  seme  cases  up  to  500®’*  The  values  at  68F  ranged  from  17*2  microhm/cnr 
for  AMIOOA-T4  to  9*2  microhm/cia^  for  AZ3IA  &  B  -F  &  -T4  and  from  7»7 
microhm/cm3  for  cast  HK3IA-T6  to  5»0  microhm/cm3  for  rolled  HM21iA-T8. 

At  500F  the  values  ranged  from  11.6  mierohm/cm^  for  EK4IA-T6  to  9«1 
microhm/cm3  for  HM21XA-T8  for  the  RE  and  Th  containing  alloys.  Room 
temperature  resistivity  measurements  on  cast  EM3I  and  EK3I  ranged  between 
7.8  and  5*5  microhm/cai3  for  the  -T6  end  -T7  tempers  respectively.  Hie 
temperature  coefficients  of  electrical  resistivity  were  fairly  constant 
ranging  from  0.8  to  1.0  microhm/cm3-®F*  Calculations  of  thermal  conduc¬ 
tivity  from  electrical  data  are  reported  for  AZ3IA  &  B,  AZ63A,  AZ8IA, 
AZ9IC.  AZ92A,  AMIOOA,  EK3OA,  EK41A,  EZ33A,  HK3IA,  HM21XA,  and  HZ32A. 

The  temperature  coefficients  of  thermal  conductivity  were  all  positive 
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and  decreased  with  increasing  temperature.  Enthalpy,  specific  heat  and 
heat  of  fusion  were  measured  for  AZ3IB.  HK3IA,  HM21XA.  HM3IXA..  end  2K6oa* 
The  heat  of  fusion  seemed  to  decrease  with  increasing  alloy  content  from 
82  cel/gaa.  for  HM21XA  to  78  cal/ga  for  ZK60A.  At  temperatures  around 
5OOF  the  specific  heats  of  the  alloys  were  about  the  same  as  that  of  pure 
magnesium  except  the  specific  heat  of  AZ3IB  which  was  somewhat  higher. 


WADC  TO  57-194  Pt  III  September  1957 

ASTIA  Document  No.  AD  I3IO35 
OTS  Release 


SUBJECT: 


INVE3TIGATCR: 

CONTRACT; 


INVESTIGATION  OF  ALLOifS  OF  MAGNESIUM  AM)  THEIR 
PROPERTIES 

Part  III  Dexelopment  of  Preferred  Orientation  in  Wrovil^ht 
Magnesium  Alloys 
S.  L.  Couling 
aF33(6i6)-2337 


CONTRACTOR:  The  Dow  Chemical  Company 

ABSTRACT:  A  polarized-light  metallographic  technique  capable  of 

supplying  infoimiation  on  the  orientation  of  individual  grains  in  a 
polycrystalline  magnesium  aggregate  has  been  developed  and  used  as  a  tool 
in  several  orientation  studies.  The  distribution  of  preferentially 
oriented  grains  in  various  extruded  alloys  has  been  examined  and  it  was 
found  that  elongated  clusters  of  grains  of  one  orientation  alternate  with 
clusters  of  another  orientation  throughout  much  of  the  extrusion  thickness. 
Inhomogeneous  flow  or  ■banding*  has  been  found  to  be  an  important  defor¬ 
mation  mechanism  during  the  cold  rolling  of  certain  alloys  and  the  hot 
compression  of  alloy  cylinders.  The  bands  are  believed  to  be  formed  by 
a  fracture-glide  mechanism.  Banding  may  be  operative  during  hot  rolling 
with  large  reductions  per  pass  and  coxild  account  for  the  observed  double 
peek  in  the  preferred  orientation  of  most  rolled  alloys.  Polycrystalline 
material  with  a  preferred  orientation  close  to  the  ideal  can  be  twinned 
almost  completely  by  the  application  of  a  sufficient  compressive  stress 
parallel  to  the  sheet  surface;  on  annealing,  the  heavily  twinned  metal 
recrystallizes  in  a  preferred  orientation  markedly  different  from  the 
initial  ideal  orientation. 
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SUBJECT;  DEVELOPiViENT  OF  A  CORROSION  RESISTATfT  MAGNESIUM  ALLOY 

Part  I.  Development  of  Magnesium  Alloys  for  Better 
Corrosion  Resistance 
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INVESTIGATOR: 


M»  Balicki 
C.  D'Antonio 
A*  Kravic 
CONTRACT:  AF  33(6l6)-2917 

CONTRACTOR:  Polytechnic  Institute  of  Brooklyn 

ABSTRACT:  A  novel  way  for  finding  alloys  of  magnesium  with  better 

corrosion  resistance  has  been  evolved#  This  scheme  relies  upon  alloying 
magnesimn  with  elements  which#  owing  to  their  lower  surface  tension#  are 
es^cted  to  concentrate  on  the  surface  and  thus  alter  the  corrosion 
behavior*  From  a  number  of  elements  having  a  lower  surface  tension  than 
magnesium  the  following:  Hg#  Pb,  Ge#  In,  Bi ,  Sn,  Cd#  Ca  have  been  added 
to  it  to  form  very  pure,  dilute,  binary  alloys.  Since  this  was  a  feasibi¬ 
lity  study#  insufficient  data  was  obtained  to  allow  a  statistical  analysis 
of  results*  The  preliminary  results  obtained  in  general#  however, 
indicate  that  magnesium  alloys  containing  Sn,  Sb,  Ge#  Cd,  and  In  compare 
favorably  with  pure  magnesium  in  the  QQ-M-I3IA  Salt  Spray  Test* 


WADC  TR  57-241  Pt  II  August  1957 

ASTIA  Document  No.  AD  I3IOIO 
OTS  Release 


SUBJECT:  DEVELOPMENT  OF  A  CORROSION  RESISTANT  IVIAGNESIUM  ALLOT 

Part  II  Surface  Tension  Data  of  Elements 
INVESTIGATOR:  V.  P.  Siuta 

M.  Balicki 


CONTRACT:  AF  33(6l6)-2917 

CONTRACTOR:  Polytechnic  Institute  of  Brooklyn 

ABSTRACT:  Experimental  and  estimated  values  of  surface  tension  of 

75  elements  have  been  gathered.  This  unique  collection  was  of  value  in 
elucidating  the  magnesium  alloying  program  and  should  be  of  use  to  workers 
in  other  fields* 


Correlations  for  estimating  surface  tension  values  of 
elements  have  been  scrutinized#  augmented  and  used*  Extensive  biblio¬ 
graphy  on  the  subject  of  surface  tension  is  presented. 
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SUBJECT: 

INVESTIGATOR: 


CONTRACT: 

CONTRACTOR: 


DETERMINATION  OF  THE  FORGING  CHARACTERISTICS  OF  NEW  AND 

HIGH  TEMPERATURE  MAGNESIUM  ALLOTS 

R.  £.  Hook 

J.  F*  Pashak 

AF  33(6i6)-3578 

The  Dow  Chemical  Company 
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ABSTRACTi  This  laboratory  forging  program  was  established  for  the 

purpose  of  selecting  the  best  magnesium  alloy  or  alloys  for  elevated 
temperature  service.  The  alloys  investigated  were  three  Mg-Th  alloys 
(HM21XA.  HK3IA,  HZ32A)  and  four  Mg-RE  alloys  (EK31(MP4),  EZ33A,  EK31(Di), 
EMl^lXA);  two  commercial  alloys  (AZ8OA,  ac60A)  were  included  for  comparative 
purposes.  Both  cast  ingot  and  extruded  billet  were  used  as  forging  stock. 
Static  properties  end  creep  resistance  of  the  alloys  were  determined  on 
forged  discs  of  ^0%  reduction.  The  data,  therefore,  cannot  be  considered 
as  representative  of  die  forgings. 

Of  the  alloys  investigated,  HM21XA-T5  eodiibits  the  best 
combination  of  properties  in  the  range  of  300  to  70OF  while  EK3IXA-T6 
presents  the  optimum  values  at  JO  to  50OF.  Pre-forging  cast  ingot  has 
no  significant  effect  on  the  properties  of  forgings  when  the  final  forging 
reduction  is  as  great  as  75^5  however,  increasing  pre-forging  temperature 
has  a  deleterious  effect  on  the  final  forged  properties. 

Evaluation  of  closed  die  forgings  produced  on  a  ^000  ton 
press  show  that  ease  of  forging  (die  filling)  increases  in  the  following 
order;  HM21XA,  HK3IA,  EK3I  (Di),  commercial  alloy  AZ80A  and  ZK6OA.  Tem¬ 
perature  and  pressure  requirements  to  fill  the  die  for  a  given  alloy 
increase  as  the  draft  angle  (7®»  3®»  0®)  decreases. 
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A  BASIC  STUDY  OF  CORROSION  OF  MACSJESIOl 
Richard  B.  Addisa  Herbert  Hollister 

Mitchell  S.  Cohen  Henri  S,  Sack 

Robert  I.  Frank  Karl  Scharf 


COOTRACT;  AF  33(6l6)-3032 

CONTRACTOR:  Cornell  University 

ABSTRACT;  This  report  constitutes  the  final  report  of  the  work  done 

under  the  present  contract.  Attempts  to  obtain  a  perfectly  clean  surface 
of  magnesium  are  described.  Due  to  limitations  in  time  no  definite  results 
on  the  oxidation  of  Mg  were  obtained;  however  some  preliminary  results  on 
the  patterns  obtained  from  pure  Mg  in  a  field  emission  microscope,  and  the 
oxidation  at  low  temperatures  are  rei)orted. 
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METALS  -  NONFERROUS  TITANIUM 
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SUBJECT*  IMEEHMEDIATE  TEMFERATURE  CREEP  AND  RUPTURE  BEHAVIOR 

OF  TITANIUM  AND  TITANIUM-BASE  ALLOYS 
Part  II:  Influence  of  Microatructurea  on  Creep- 
Rupture  Properties 
INVESTIGATOR:  Jeremy  V.  Gluck 

James  W.  Freeman 


CONTRACT:  AF  33(6l6)-244 

CONTRACTOR:  The  University  of  Michigan 

ABSTRACT:  An  investigation  was  carried  out  to  establish  the  rela¬ 

tionships  between  types  of  microstructure  and  creep-impture  properties  of 
titanium  alloys  at  600®F  to  1000®F#  Chemical  composition  and  the  influence 
of  heat  treatment  was  investigated  to  a  limited  extent  for  each  type  of 
alloy.  The  data  are  fairly  complete  for  some  alloys  and  consist  of  survey 
test  data  for  others. 


Alpha  titanivim  as  represented  by  commercially  pure  titanium 
had  the  lowest  strength.  Stable  alpha  alloys  (6%  Al  and  6^  A1  »  0*5%  Si) 
and  stable  beta  alloys  (30%  Mo  end  50%  V)  had  similar  strengths.  These 
alloys  had  the  highest  strength  at  800®F  and  1000®F  where  creep  was  a 
major  factor.  The  alpha-beta  alloys  (Ti  15OA  and  Ti  155^)  the  meta¬ 
stable  beta  alloys  had  high  strengths  through  600°F  and  for  short  tin© 
periods  at  800®F  by  virtue  of  strengthening  from  transition  structures 
from  the  beta  to  alpha  transformation. 

Compositional  differences  between  alloys  had  rather 
small  effects  in  most  cases.  Properties  of  the  alpha-beta  and  meta-stable 
beta  alloys  were  markedly  influenced  by  heat  treatment  except  at  1000®F. 

The  other  structures  were  little  influenced  by  beat  treatment.  Ductility 
varied  considerably  between  alloys  and  with  heat  treatment  and  test  con¬ 
ditions. 


None  of  the  alloys  were  subject  to  appreciable  creep  at 
600°F  and  strength  was  governed  by  tensile  properties  for  time  periods  up 
to  1000  hours.  Increasing  tensile  strength  by  cold  work  or  by  heat  treat¬ 
ment  permitted  application  of  high  stresses  which  usually  caused  immediate 
failure  at  600®F  when  the  stress  was  above  the  yield  strength.  This 
seemed  to  be  a  delayed  tensile  fracture  rather  than  true  creep  to  rupture. 
Creep  end  structural  stability  were  the  major  factors  in  strength  at 
800OF  and  1000®F. 
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ABSTRACT: 
alloys  at  high 
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SUBJECT: 

INVESTIGATOR; 


CONTRACT; 

CONTRACTOR; 

ABSTRACT: 

(1) 


INTERMEDIATE  TEMPERATURE  CREEP  AND  RUPTURE  BEHAVIOR 

OF  TITANIUM  AND  TITANIUM-BASE  ALLOTS 

Part  III:  Effects  of  Hot  Rollingt  Eknbrittlement *  and 

Interstitial  Elements 

Jeremy  V.  Gluck 

James  W.  freeman 

AF  33(6l6)-244 

The  University  of  Michigan 

Three  major  factors  involved  in  the  properties  of  titanixm 
temperatures  were  investigated: 

!•  A  limited  study  was  made  of  the  influence  of  hot- 
working  conditions  on  creep-rupture  properties  at 
600®F  to  1000®F. 

2*  The  changes  in  room  temperature  tensile  test  ductility 
as  a  measure  of  embrittlement  during  creep  testing 
at  75°^  to  1000®r  were  evaluated  for  a  considerable 
number  of  specimens  of  several  alloys* 

3*  A  limited  study  was  carried  out  on  the  influence  of 
hydrogen  content  and  the  hardness  of  the  sponge 
(interstitial  alloying  elements)  used  in  making  alloys* 
Creep-rupture  properties  and  embrittlement  during 
stressed  ejcposure  were  evaluated  for  temperatures  of 
600®F  to  1000®F* 


Pt  IV  November  1957 

No.  AD  142147 


DEVELOPMENT  OF  TITANIUM-BASE  ALLOYS  FOR  ELEVATED 

TEMPERATURE  APPLICATION 

Frank  A,  Crossley 

William  F.  Carew 

David  W.  Levinson 

AF  33(6i6)-2353 

Armour  Research  Foundation 

The  objectives  of  this  research  program  were  as  follows: 

To  determine  the  effect  of  forging  and  heat  treatment 
variables  on  the  mechanical  properties  of  the  Ti-7A1- 
3M0  alloy*  Evaluations  were  made  of  tensile  specimens* 
both  machined  from  bar  stock  and  cut  from  plate  fabri- 
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cated  in  such  a  manner  as  to  simulate  compressor  blade 
forging  practice.  The  purpose  of  this  dual  evaluation 
vas  to  determine  what  effect  the  forged  skin  had  on 
mechanical  properties. 

To  determine  the  effect  of  sponge  quality  on  mechanical 
properties  of  7AI-3M0  alloy. 

To  evaluate  the  tensile,  creep-rupture  and  stability 
properties  of  the  alloys  Ti-6Al-3Nb,  Ti-6Al-3Mo-2Ge 
and  Ti-6Al-3Ito-4Ge* 

The  program  for  the  evaluation  of  the  Ti-7A1 -31^10  alloy 
encountered  considerable  difficulties  with  the  result  that  the  work  was 
halted  before  evaluation  was  completed.  The  material  with  which  the 
program  was  started  was  discarded  because  of  substandard  ductility  which 
was  attributed  to  high  oxygen  content.  While  considerable  data  were 
collected  on  the  replacement  materiel,  it  too  proved  to  have  substandard 
ductility.  The  cause  of  the  low  ductility  in  the  replacement  material 
could  not  be  attributed  to  off-chemistry  of  aluminum,  molybdenum,  carbon, 
hydrogen,  nitrogen  or  oxygen.  The  sulfur  content  was  indicated  to  be 
by  analyses  conducted  at  the  Foundation  and  0»01%  by  analyses 
conducted  by  Mellory-Sharon.  While  the  low  ductility  of  this  material 
cannot  with  any  degree  of  surety  be  attributed  to  sulfur,  it  is  a  possi¬ 
bility. 


(2) 

(3) 


The  significant  findings  from  the  data  collected  on  the 
low  ductility  replacement  7<^“3^to  material  were  the  following: 

(1)  In  heat  treating,  increasing  the  solution  treating  temper¬ 
ature  followed  by  water  quenching  increases  the  time 
required  to  achieve  overaging. 

(2)  The  Widmanstatten  structure  has  creep-rupture  properties 
at  1000®F  superior  to  the  equiaxed  structure. 

(3)  The  "skin*  effect  (as  represented  by  comparing  test  spec¬ 
imens  machined  from  bar  stock  with  specimens  cut  from 
forged  plate)  on  creep-rupture  properties  at  1000®F  was 
considered  to  be  masked  and  perhaps  dominated  by  the 
*size*  effect,  i.e.,  ratio  of  surface  area  to  volume. 

The  forged  specimens  which  were  higher  in  area-to-volume 
ratio  were  found  to  have  lower  ereep-rupture  strength 
comparwl  to  machined  specimens.  This  result  was  in 
agreement  with  findings  of  other  investigators  for  the 
size  effect. 
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It  is  emphasized  that  all  data  for  the  Tio7-^~3Mo  alloy 
reported  herein  unless  stated  otherwise  were  determined  for  low  ductility 
materials* 

The  6Al-3Kb  alloy  contained  less  ^  than  the  6AI-3M0 
alloy  and  was  higher  in  tensile  strength,  but  lower  in  ductility  at  room 
temperature#  The  6Al-3Mo-2Ge  and  6Al-3Mo-4Ge  alloys  were  significantly 
stronger  at  room  temperature  than  6a1-3Mo#  The  6Al-3Mo-4Ge  alloy  was 
very  low  in  ductility# 

The  alloys  in  order  of  increasing  creep  resistance  at 
800°F  were:  6Al-3Nbt  6AI-3M0,  6Al»3Mo-2Ge  end  6Al-3Mo-4Ge#  ’The  alloys 
in  order  of  increasing  500"hour  rupture  strength  at  1020°F  were:  6ai- 
3Nb,  6Al-3Mo-2Ge  and  6AI-3M0  end  6ll-3Mo**4Ge#  Only  the  6Al-3Mo-2Ge  alloy 
showed  loss  of  ductility  in  stability  tests. 

Only  the  6ll-3Mo-4Ge  alloy  was  superior  in  creep-rupture 
properties  to  6AI-3M0#  However,  the  ductility  of  this  alloy  is  considered 
too  low  for  practical  application. 
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SUBJECT:  PILOT  PRODUCTION,  FABRICATION  AND  EVALUATION 

OF  PROMISING  TITANIUM  ALLOVS 
INVESTIGATOR:  Frank  A.  Crossley 

Benjamin  R.  Raja la 

David  W.  Levinson 
CONTRACT:  AF  33(6l6)-2060 

CONTRACTOR:  Armour  Research  Foundation 

ABSTRACT:  Approximately  300  pounds  of  Ti-7Al-3Mo  alloy  were  fab¬ 

ricated  to  bar  stock  and  distributed  to  various  jet  engine  manufacturers# 
About  70  pounds  of  hot-rolled,  centerless-ground  bar  was  sent  to  Thompson 
Products,  Inc.  They  were  highly  successful  in  manufacturing  I40  J-57 
7th  stage  compressor  blades  from  this  materiel#  The  endurance  limit  for 
blades  bench-tested  at  room  temperature  under  completely  reversed  stress 
was  75*000  psi,  5000  psi  higher  than  Ti-6A1-4V  alloy  blades  of  the  same 
configuration#  Tensile  properties  for  specimens  cut  from  blades  and  heat 
treated:  1560®F-l/2  hour-air  cooled,  1020®F-24  hours,  were  as  follows: 
170,000  psi  ultimate  tensile  strength,  167,000  psi  0.^  offset  yield 
strength,  k9%  reduction  in  area,  and  l6%  elongation#  As  a  result  of  the 
promising  preliminary  evaluations,  Pratt  and  likhitney  Aircraft,  Division 
of  United  Aircraft,  is  preparing  to  engine  test  these  blades# 

Johnston  and  Funk  Titanium  Corporation  was  successful 
in  producing,  on  an  experimental  basis,  wire  in  sizes  down  to  Q#020  in# 
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diameter  from  Ti-7Al-3Mo  9/32  in*  diameter  rod.  No  difficulty  in 
supplying  production  quantities  is  anticipated* 

The  high  strength  condition  produced  by  applying  the  heat 
treatments  1800°F-1  hour-water  quench,  1000°F-2  hours  to  equiaxed 
Ti-7Al-3Mo  alloy  material  was  found  to  be  unstable  to  aging  under  stress 
at  800®F. 


Tests  conducted  by  Eaton  Manufacturing  Company  indicated 
that  the  alloy  is  stress-relieved  by  2  hours  at  1300°F* 

The  Ti-7Al“3f'to  alloy  shows  considerable  promise#  This 
is  a  fact  implicit  in  the  production  by  Cramet,  Inc.,  of  I50O  to  2000 
pounds  of  Ti-7Al-3Mo  material  for  sale,  and  the  announcement  by  Eem-Cru 
Titanium,  Inc.,  of  the  availability  of  experimental  quantities  of  their 
version  of  the  alloy  containing  6-1/2/?  aluminum  and  3“3/4^  molybdenum* 
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SUBJECT:  HfDROGEN  CONTAMINATION  IN  TITANIUM  AND 

TITANIUM  ALLOYS 


INVESTIGATOR: 


CONTRACT: 


Part  IVt  The  Effect  of  Hydrogen  on  the  Mechanical 
Properties  and  Control  of  Hydrogen  in  Titanium  Alloys 
D.  N.  V/illiams  W.  M.  Albrecht 

F.  R.  Schwartzberg  M.  W.  Mallett 

P.  R.  Wilson  R.  I.  Jaffee 

AF  33 (61 6) -2813 


CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT:  A  comprehensive  investigation  of  hydrogen  in  titanixun 

alloys  was  carried  out.  Tests  were  conducted  to  gain  an  insight  into 
the  mechanism  of  the  slow-strain  embrittlement  of  titanium  alloys  by 
hydrogen,  and  a  tentative  theory  is  presented.  Eighty  titanium  alloys 
were  examined  in  the  stabilized  condition  to  determine  the  effect  of 
composition  on  the  tendency  toward  hydrogen  embrittlement®  The  effect 
of  microstructural  variations  on  the  tendency  toward  embrittlement  was 
also  studied®  In  addition  to  studying  the  effects  of  hydrogen  on  the 
properties  of  titanium,  factors  affecting  hydrogen  pickup  by  titanium 
and  methods  of  removing  hydrogen  from  titanium  were  investigated. 

Included  were  investigations  of  low  pressure  solubility,  degassing  methods, 
and  the  pickup  of  hydrogen  from  various  atmospheres. 
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SUBJECT  I  HIGH  TEMPERATURE  BRITTLENESS  IN  TITANIUM  ALLOTS 

INVESTIGATCBt  Nick  Makrldes 

W.  M.  Baldwin*  J'r. 

CONTRACT I  AT  33(6l6)-3536 

CONTRACTOR}  Case  Institute  of  Technolog7 

iSSIRACTt  An  alpha-titanium  alloy  (A-llO-AT)  containixxg  5%  and 

2«5^  Sn*  and  an  alpha-beta  titanium  alloy  (Ti-l^O-A)  containing  2^  Cr*  2% 
Fe*  and  2%  Mo  were  each  prepared  (a)  tree  fi‘om  in^urlties*  (b)  with  0.2^0* 
(c)  0.2^  C*  and  (d)  0.1^  N  for  a  program  designed  to  explore  strain  aging 
phenomena*  high  ten^erature  brittleness*  and  stress-rupture  behavior  of 
titanivon  alloys. 

Tensile  tests  at  different  strain  rates  have  been  made  on 
the  alpha-alloy  containing  0.1^  N,  The  tests  revealed  a  brittle  range  at 
680®F  (36o®C)  at  a  strain  rate  of  0.05  in/in/min.  This  brittle  range  was 
moved  to  1020®F  (550®C)  en^jloying  a  strain  rate  of  100  in/in/min.  The  min¬ 
ima  in  the  ductility  vs.  teD:;>erature  curves  for  the  two  strain  rates  when 
plotted  on  log  strain  rate  vs.  reciprocal  absolute  ten^erature  coordinates 
gives  a  straight  line  (assumed)  having  a  slope  which  is  parallel  to  the 
line  defining  the  diffusion  coefficient  of  nitrogen  in  alpha- titanium.  On 
the  other  hand,  tests  are  still  to  be  made  on  the  iiqjurity-free*  alpha- 
alloy  to  see  whether  the  brittleness  occurs  in  the  absence  of  nitrogen. 

A  review  was  made  of  the  various  types  of  brittleness 
found  at  elevated  ten^jeratures  in  metals  and  alloys  so  that  any  brittle¬ 
ness  encountered  in  titanium  could  be  coo^ared  and  identified. 
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SUBJECT:  PARTma:J  OF  SOUJBLE  CARBCN  IN  Ti-6A1-4V  ALLOY 

INVESTIGATOR:  Richard  D.  Selbel 

Richard  L.  Beck 
Leonard  E,  Olds 
CONTRACT:  AF  33(6l6)-3349 

CONTRACTOR:  Denver  Research  Institute 

ABSTRACT:  The  mechanism  by  which  alpha-beta  titanium  alloys  are  em¬ 

brittled  by  small  amounts  of  interstitial— type  so  lutes  such  as  nitrogen* 
oxygen  and  carbon  can  not  be  fully  understood  until  more  is  known  of  the 
micro-distribution  of  these  dissolved  Impurities  in  the  two-phase  alloys. 
This  report  describes  the  results  of  an  investigation  of  possible  means  for 
determining  the  micro-distribution  of  these  Impurities,  particularly  in  the 
more  con^lex  alloys. 
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A  useful  method  was  developed  for  measuring  micro-distri¬ 
bution  of  solutes  in  alloys.  This  method  was  completely  independent  of  the 
presence  of  other  solute  elements,  whether  interstitial  or  substitutional* 
In  addition,  saae  information  is  presented  regarding  the  use  of  micro- 
autoradiographic  techniques  to  study  the  micro-distribution  of  the  inter¬ 
stitial  type  solutes  in  two-phase  titanium  alloys. 
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SUBI2CT:  RSSEARCH  ON  THB  EFFECTS  OF  STRESS,  STRAIN,  AiTO 

TE'PERATURE  Ql  THE  SUTECTOID  DeC0r4PaSITI0N  OF  TITAfvIJM  ALLOYS 
INVESTIGATOR:  Adolph  W,  Goldens te in 

Arthur  G,  Metcalfe 
William  Rostoksr 


CONTRACT:  AF  33(6l6)-3394 

COInTTRACTOR:  Armour  Research  Foundation 

ABSTRACT:  Three  titanium-chromium  alloys  have  been  forged  in  the  <(-  p 

range  to  give  six  systems  with  controlled  amounts  of  each  phase.  The  iso-  ‘ 
thermal  transformation  at  400®,  500®,  and  600®C  of  each  of  these  systems 
was  followed  by  resistivity.  X-ray  diffraction,  elastic  modulus  measure¬ 
ments,  and  metallography.  The  reactions  occuring  in  the  transformation 
were  identified  where  possible.  This  transformation  study  was  repeated 
under  a  stress  which  produced  l/o  creep  in  lOOC  hours.  An  acceleration  of 
four  to  seven  times  in  the  rate  of  transformation  occurred  under  the  action 
of  this  stress.  Complete  tensile  test  data  were  obtained  at  all  stages  of 
the  transformation  and  plotted  on  the  T-T-T  diagrams.  These  reveal  that 
the  formations  of  omega  and  TiCr2  are  the  embrittling  reactions. 


The  eutectoid  temperature  in  the  Ti-Cr  system  has  been 
determined  to  be  67O®  1  5°^, 
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SUBJECT:  THE  EFFECT  OF  HEAT  TREATMENT  ON  THE  STABILITY 

AND  CREEP  RjBSISTA\rCS  OF  A  TI-AL-MO  ALLOY 
INVESTIGATOR;  Harold  L,  Gegel,  l/Lt, 

ABSTRACT:  An  investigation  was  undertaken  to  observe  the  influence 

of  heat  treatment  on  stability  of  a  Ti-Al-Mo  ternary  alloy.  Tests  show 
that  the  instability  of  the  alloy  is  innocuous,  and  that  transformation 
during  testing  helps  to  maintain  the  material  strength.  The  creep  resis¬ 
tance  of  the  alloy  was  improved  by  heat  treatment,  and  the  stress-rupture 
properties  were  not  deteriorated,  A  mechanism  of  embrittlement  by  heat 
treatment  is  discussed. 
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SUBJECT:  STUDY  OF  MICRODISTRIFJTION  OF  BITSRSTITIAL  ELE-IEtJTS 

IN  TITANIlFvl  by  INTERNAL  FRICTiaN  TECHNIQUES 
INVESTIGATOR:  Devendra  Gupta 

Sheldon  Weinig 


COOTR/^CT:  AF  33(6i6)-3393 

CONTRACT®;  New  York  University 

ABSTRACT;  An  Investigation  of  the  mici'odistribution  of  interstitial 

elements  in  Ti  and  Ti  binary  alloys  and  its  effect  on  the  mechanical  pro¬ 
perties  was  initiated,  Tna  experimental  techniques  which  were  utilized 
during  this  period  were  internal  friction  measurements  and  "hard"  tensile 
testing.  The  overall  study  can  be  separated  into  three  separate  sections, 
i,e,  room  teir^jerature  effects,  interstitial  stress  relaxation,  end  grain 
boundary  effects.  The  major  results  of  the  investigation  are  as  follows: 


1,  A  study  of  the  solute  atom- dislocation  interaction  of 
Ti-0  alloys  was  performed.  It  was  found  that  the  behavior  of  the  phenomenon 
was  in  accord  with  the  relationship,  C  =  Co  exp  (V/KT),  The  interaction 
energy  between  an  oxygen  atom  and  a  dislocation  was  calculated  to  be  0,015 

2,  The  oxi'^gen  content  required  to  saturate  the  disloca¬ 
tions  was  found  to  be  approximately  1,5  atomic  percent.  It  was  also  observed 
that  the  transition  from  ductile  to  brittle  behavior  occurred  at  the  same 
composition. 


3,  It  was  suggested  that  the  transition  phenomenon  was 
due  to  the  adsorption  of  oxygen  atoms  at  the  dislocations.  In  viev:  of  this 
suggestion  it  was  possible  to  predict  the  proper  treatinent  to  shift  the  on¬ 
set  of  the  embrittling  effect  to  higher  oxygen  contents.  This  was  demon¬ 
strated  experimentally  and  it  was  possible  to  increase  the  ductility  of  Ti-0 
alloys. 


4,  It  was  demonstrated  tliat  an  interstitial  stress  relaxa¬ 
tion  phenomenon  could  be  observed  in  "superpurity "  titanium, 

5,  The  development  of  the  interstitial  peak  in  alpha 
titanium  is  shO'wn  to  be  directly  related  to  the  atomic  size  of  the  substitu¬ 
tional  element  in  solution  with  the  oxygen.  The  greeter  the  difference  in 
size  factor  between  the  solute  and  the  titanium  atom,  the  greater  the  en¬ 
hancement  of  the  "interstitial"  peak. 

6,  It  is  suggested  that  the  mechanism  wliereby  the  sub- 
sti tutional  solute  atans  enhance  the  appearance  of  the  interstital  peak  is 
as  follows:  The  out-of-size  substitutional  atom  causes  a  localized  distor¬ 
tion  of  the  lattice  which  effectively  destroys  the  isotropic  nature  of  the 
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octahedral  interstitial  sites.  Hence,  one  site  becomes  energetically  favora¬ 
ble  to  another  upon  the  application  of  an  external  stress.  This  causes  a 
stress- induced  interstitial  relaxation  phenomenon  which  is  manifested  by  the 
appearance  of  an  internal  friction  peak, 

7,  The  effect  of  oxygen  on  the  grain  boundary  stress  re¬ 
laxation  phenomenon  was  investigated.  The  necessary  data  in  now  available 
for  the  adsorption  analysis  and  microdistribution  part  of  this  overall  studi'^ 
of  interstitial  effects  in  titanium, 

WADC  TR  57“470  December  1957 

ASTIA  Document  No,  AD  I42196 
OTS  Release 

SUBJECT;  DETEFiI''III'JATION  OF  TESTS  FOR  HVEROOEN  EMBRITTLMaMT 

OF  TITANIUM  ALLOYS 
Ii>rV'£STIGATOR;  Albert  H,  Fleitman 

CONTRACT;  AF  33(616 )-3244 

CQidERACTOR:  Crane  Co, 

ABSTRACT;  The  mechanical  properties  of  two  ccanmercial  alloys, 

Ti-8  Mn  and  Ti-4  Al-4  Mn  were  investigated  in  the  as  received,  helium 
annealed,  vacuum  annealed,  and  150,  225  and  300  ppm  hydrogen  conditions. 

The  Ti-8  Mn  alloy  in  the  fom  of  lA^  inch  sheet  and  the  Ti-4  Al-4  Ma 
alloy  in  the  form  of  1/2  inch  round  bar  were  each  ordered  from  three 
vendors  to  represent  the  range  of  interstitial  content  found  in  present 
production. 

Slow  room  temperature  notched  and  unnotched  tensile  and 
tensile  stress  rupture  tests  up  to  1000  hours  were  performed  on  both  alloys. 
Slow  room  temperature  notched  and  unnotchad  torsion,  bend  and  bend  stress 
rupture  tests  up  to  lOCO  hours  were  made  on  Ti-4  Al-4  Mn  alloy.  None  of 
the  unnotched  specimens  in  any  of  these  tests  failed  in  a  brittle  manner. 

The  notched  tensile  stress  rupture  tests  showed  that  the  stress  required  for 
fracture  at  a  given  time  slightly  decreased  with  increasing  hydrogen  content. 
In  contrast,  the  notched  band  stress  rupture  tests  showed  an  increase  in 
stress  required  for  fract'jre. 

Longitudinal  and  transverse  tear  tests  at  80,  3^  and  -40®F 
were  made  on  the  Ti-8  I'in  alloy  sheet  in  the  vaccum  annealed  and  300  ppm 
hydrogen  condition.  No  apparent  relationship  was  found  between  tear  test 
failures  and  hydrogen  content.  Pin  shear  tests  on  Ti-4  AI-4  Mn  alloy  speci¬ 
mens  containing  similar  quantities  of  hydrogen  failed  with  ductile  fractures. 

Room  temperature  unnotched  slow  tensile  tests  on  prestrained 
and  aged  specimens  showed  good  ductility  in  both  alloys.  Specimens  in  the 
vacuum  annealed  and  300  ppm  hydrogen  condition  were  prestrained  5^  tension 
at  room  temperature  and  aged  at  500°^  for  24  or  48  hours  prior  to  test. 
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Comparison  of  results  in  this  investigation  with  earlier 
work  on  hydrogenized  specimens  of  these  titanium  alloys  indicates  that 
brittle  fractures  would  have  been  expected  in  both  alloys  when  tested  in 
stress  rupture  at  the  30O  ppm  hydrogen  level. 


WADC  TR  57”630  February  1959 

ASTIA  Document  No,  AD  151OOO 
OTS  Release 

SUBJiDST:  THE  DETERMINATION  OF  THE  EFFECT  OF  HEAT  TREATMENT  ON 

THE  ELEVATED  TEMPERATURE  STRESS-STABILITY  OF  TITANILTM  ALLOYS 
INVESTIGATOR:  G,  A,  Lenning  H,  D,  Kessler 

M,  L,  Greenlee 
W,  M,  Parris 

CONTRACT:  AF  33(6l6)-3638 

CONTRACTOR:  Titanium  fetals  Corporation  of  America 

ABSTRACT;  The  effect  of  duplex  solution  and  age  type  heat  treatments 

on  the  properties  of  one  ccmmercial  heat  each  of  the  Ti-140A  (Ti-2Fe-2Cr- 
2Mo),  Ti-155A  (Ti-5Al-l,5Fe-l,  5Cr-l,5Mo)  and  Ti-6A1-4V  alloys  were  in¬ 
vestigated,  The  properties  studied  included  tensile,  notch  tensile,  notch- 
bend  impact  and  elevated  temperature  stress-stability. 


WADC  TR  57-659  March  195 8 

ASTIA  Document  No,  AD  15106I 
OTS  Release 

SUBJECT;  A  STUDY  OF  THE  FACTORS  INFLUENCING  THE  PR0PERTIE£3 

OF  HlEAT  TREATABLE  TITANIUiyi  SHEET  ALLOYS 
INVESTIGATOR:  R.  S.  Richards 

D,  L,  Day 
H,  D,  Kessler 

CONTRACT;  AF  33(6l6)-3727 

CONTRACTOR;  Titanium  ffetals  Corporation  of  America 

ABSTRACT;  A  number  of  factors  were  investigated  which  influence  the 

properties  of  two  titanium  sheet  alloys,  Ti-4Al-3iy'Io-lV  and  Ti-2Al-6Mo-2V, 
in  the  annealed,  solution  treated,  and  aged  conditions.  Annealed  matei’ial 
exhibits  a  ne.rrow  spread  between  yield  and  ultirnfite  tensile  strengths  along 
with  the  best  bendability.  Solution  treated  sheet  possesses  a  high  degree 
of  uniform  elongation  with  bendability  that  is  only  slightly  inferior  to 
that  of  annealed  material.  The  high-strength  aged  alloy  sheet  exhibits  a 
lower  level  of  ductility,  and  is  stable  under  stress  at  temperatures  to  at 
least  80OF, 

Elevated  temperatures  lower  the  strength,  decrease  uniform 
elongation,  but  increase  the  bendability  and  local  elongation  at  fracture. 
Cold  woi'k  increases  the  strength  in  all  three  conditions  of  heat  treatment. 
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although  defonration  at  elevated  temperatures  produces  a  smaller  strengthening 
effect  in  annealed  and  aged  material  as  the  temperature  increases.  Tempera- 
tui*es  of  400  -  600F  initiate  the  age  hardening  reaction  in  solution  treated 
sheet.  Cold  deformation  of  solution  treated  Ti-4A1  -3Mo-lV  results  in  in¬ 
creased  aged  strengths,  vAiile  Ti-2Al-6Mo-2V  exhibits  significant  losses  in 
final  aged  strengths  after  prior  cold  work  in  the  solution  treated  condition. 

Successful  dimpling  operations  can  be  performed  at  elevated  tempera¬ 
tures  provided  proper  heating  and  forming  techniques  are  used  •  Solution 
treated  sheet  from  both  alloys  is  amenable  to  bending,  stretch  wrapping,  jog¬ 
gling,  and  hydroforming  operations  at  room  temperature,  as  indicated  by  re- 
sxxlts  of  production  forming  tests.  No  appreciable  dimensional  changes  occur 
in  the  material  as  a  result  of  aging. 


WADC  TR  57-694  '  April  1958 

ASTIA  Document  No.  AD  151125 
OTS  Release 


INVESTIGATOR: 

CONTRACT: 

CONTRACTOR: 

ABSTRACT: 


SUBJECT:  METALLURGICAL  AND  MECHANICAL  CHARACTERISTICS  OF 

HIGH-PURITY  TITANIUM-BASE  ALLOYS 
Frank  C.  Holden  Horace  R,  Ogden 

Jerry  A.  Houck  Robert  I,  Jaffee 

AF  33(616) -3469 
Battelle  Memorial  Institute 

Studies  have  been  made  to  establish  the  relationships  be¬ 
tween  thermal  history,  mlorostructure,  and  mechanical  properties  for  high- 
purity  titanium-base  alloys.  These  have  included  the  following  alloy  systems: 
Ti-Al-Mo,  Tl-O-Mo,  Ti-C-Mo,  Ti-0-Al-«b,  Ti-O-Mn,  Ti-O-Cu,  Ti-C-Gu,  and  Ti-Cu- 
Mq.  Mechanical  test  data  reported  inolude  tensile  and  flow  properties,  im¬ 
pact  behavior  over  a  range  of  temperatures,  hardness,  aging,  and  cooling-rate 
test  data.  The  basic  physical  metallurgical  principles  involved  here  are  dis- 
oussed. 


WADC  TR  58-20  March  1958 

ASm  Document  No.  AD  151029 
OTS  Release 

SUBJECT:  DEVELOPMENT  OF  IMPROVED  TITANIUM  ALLOYS  FOR 

APPLICATION  AT  ELEVATED  TEMPERATURES 
INVESTIGATOR:  Bernard  S.  Lament 

CONTRACT:  AF  33(616) -3986 

CONTRACTOR:  Manufacturing  Laboratories,  Ine. 

ABSTRACT:  A  metalltirgioal  investigation  of  the  embrittling  reaction 

that  ooours  in  binary  Ti-Al  alloys  was  carried  out  in  the  range  of  6  to  12 
wt.  pet.  aluminum.  Changes  in  bend  ductility,  hardness,  precision  length, 
electrical  resistance,  lattice  parameters,  and  in  microstructure  that  occur 
on  solutlonizing  and  aging  were  determined.  It  was  foimd  that  the  embrlttl- 
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ing  reaction  that  occurs  on  aging  in  the  vicinity  of  1020  F  (550  C)  is 
characterized  by  a  decrease  in  both  specific  volume  and  electrical  resistivi 
ty  as  well  as  a  marked  change  in  the  character  of  atriations  that  exist 
within  the  primary  grains  of  the  alpha  solid  solution  matrix.  The  observed 
changes  in  properties  are  best  explained  on  the  basis  that  these  atriations 
represent  the  formation  of  aluminum-rich  segregations.  Evidence  was  found 
that  cracking  in  a  bend  test  occurs  more  readily  along  rather  than  across 
these  striations*  Recommendations  are  given  for  future  work  on  this  problem 


PACKAGING 


WADC  TN  55-328  September  1957 

ASTIA  Document  No,  AD  142004 
OTS  Release 

SUBJECT:  EVALUATION  OF  CONTAINER-GRADE  PAPER-OVERLAID 

VENEER  PANEL  BOXES  FOR  OVERSEAS  USE 
INVESTIGATOR:  Edward  H.  Clarke 

CONTRACT:  AF  33(600)53-4023 

CONTRADTOR:  Forest  Products  Laboratory 

ABSTRACT:  Laboratory  tests  were  conducted  in  an  effort  to  investigate 

the  suitability  of  some  commercially  available  paper-overlaid  veneers  for 
use  in  overseas-type,  cleated  panel  boxes.  Rough -handling  tests  and  diago¬ 
nal-compression  teats  involving  some  220  overseas-type  boxes  provided  in¬ 
formation  regarding  the  relative  performance  of  various  paper -overlaid  ve¬ 
neers  and  two  currently  acceptable  panel  materials,  V3s  fiberboard  and 
container -grade  plywood. 

After  immersion  in  water  for  24  hours,  the  cleated  plywood 
boxes  were  superior  to  V33  fiberboard  and  paper-overlaid  veneer  in  both 
rough  handling  and  resistance  to  diagonal  distortion  or  twisting.  Only  a 
few  paper-overlaid  veneer  materials  approached  the  rough-handling  perform¬ 
ance  of  V33  fiberboard  panel  boxes,  except  \4ien  intermediate  cleats  were 
used  as  required  for  the  fiberboard.  Then  the  paper-overlaid  veneer  boxes 
exhibited  a  rough-handling  performance  equal  to  that  of  the  V3s  fiberboard 
boxes.  The  paper-overlaid  veneer  boxes  resisted  compressive  forces  better 
than  the  cleated  fiberboard  boxes. 
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ASTIA  Document  No,  AD  151195 
OTS  Release 

SUBJECT:  THE  THEORY  AND  OPERATION  OF  A  DYNAMIC  TESTER  FOR 

EVALUATING  PACKAGE  CUSHIONING  MATERIAL 
INVESTIGATOR:  Stewart  M.  Krakover,  l/Lt, 
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ABSTRACT:  The  purpose  of  the  ASTM  dynamic  cushion  testing  program  is 

described  and  data  from  the  laboratories  vAiich  participated  in  this  program 
are  presented.  On  the  analysis  of  the  platform  type  tester  together  with  a 
discussion  of  the  significance  of  the  elasticity  of  impact  of  containers  is 
covered.  Several  redesigns  of  the  dropping  carriage  are  shown.  The  desira¬ 
bility  of  using  the  platform  tester  to  gather  design  data  is  discussed,  A 
discussion  is  included  of  the  peak  reading  voltmeter  system  and  a  portable 
spring  calibrator. 


WADC  TR  56-539  July  1957 

ASTIA  Document  No,  AD  130873 
OTS  Release 

SUBJECT;  TESTS  TO  EVALUATE  AND  COMPARE  VARIOUS  OPEN  CRATE 

SPECIFICATIONS  FOR  AIRCRAFT  SURFACES 
INVESTIGATOR;  Thomas  B,  Heebink 

CONTRACT;  PO  33(600)53-4023 

CONTRACTOR;  Forest  Products  Laboratory 

ABSTRACT;  Thirteen  open  crates  for  aircraft  surfaces  were  tested  to 

evaluate  the  construction  details  of  various  open  crate  specifications.  The 
results  of  these  tests  suggested  various  advantageous  modifications  vhich 
were  incorporated  into  a  final  design  and  tested.  The  result  was  that  the 
three  crates  built  according  to  the  final  modified  design  were  superior  gene¬ 
rally  in  all  respects  including  perfonnance,  tare  wei^t,  cubic  displacement, 
and  cost. 

The  final  design  was  incorporated  into  the  proposed  speci¬ 
fication,  being  prepared  by  the  Forest  Products  Laboratory  for  WADC  entitled 
"Crates,  Wood  (For  Lightwei^t,  Bulky  Airframe  Items)," 


WADC  TR  56-547  August  1957 

ASTIA  Docriment  No.  AD  131019 
OTS  Release 

SUBJECT;  INVESTIGATION  OF  SHOCK  WAVES  DEVELOPED  DURING 

DYNAMIC  TESTS  OF  CUSHIONING  MATERIALS 
INVESTIGATOR;  Vem  N.  Smiley 

CONTRACT:  AF  33(600)53-4023 

CONTRACTOR:  Forest  Products  Laboratory 

ABSTRACT;  Certain  irregularities  of  acceleration- time  pulses  were  re¬ 

corded  during  dynamic  compression  tests  of  package  cushioning  materials  for 
determining  their  energy  absorption  characteristics.  These  irregularities 
were  theorized  to  have  been  caused  by  shock  wave  oscillations  in  the  materied. 
The  validity  of  this  theory  was  checked  by  deriving  mathematical  expressions 
based  upon  shook  wave  theory  and  then  comparing  theoretically  expected  results 
with  actual  test  results.  Sufficiently  close  agreement  was  found  to  prove 
that  the  irregularities  were  caused  by  shock  waves,  A  discussion  of  the 
significance  of  shock  waves  in  relation  to  cushioning  performance  is  also  made. 
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WADC  TR  56-660 

ASTIA  Document  No.  II8314 

OTS  Release 


May  1957 


SUBJECT;  AN  EVALUATION  OF  POPCORN  AS  A  CUSHIONING  MATERIAL 

INVESTIGATOR;  R.  K.  Stern 

CONTRACT;  DO  33(600)53-4023 

CONTRACTOR;  Forest  Products  Laboratory 

ABSTRACT;  This  investigation  had  the  purpose  of  determining  if  pop- 

cora  could  be  used  as  a  cushioning  material.  Conventional  cushioning 
materials  such  as  bound  hair  and  cellulosic  wadding  were  used  as  a  basis 
for  comparison.  Stress-strain  curves  were  established  for  popcorn,  bound 
hair,  and  cellulosic  wadding  under  several  conditions  of  temperature  and 
himiidity.  Repeated  loading  tests  on  these  materials  were  also  performed. 

The  mold  resistance  and  the  effect  of  high  humidity  on  treated  and  untreat¬ 
ed  popcorn  were  established.  Combustibility  of  IJie  materials  was  also  in¬ 
vestigated.  The  resiilts  showed  that  popcorn  is  not  a  good  cushioning  materi¬ 
al.  It  is  stiff  in  comparison  to  other  cushioning  materials  and  has  very 
little  ability  to  recover  after  compression.  The  extreme  hygroscopicity  of 
popcorn  is  undesirable  since  it  shrinks  appreciably  in  high  humidity.  It 
only  conceivable  use  is  Indicated  to  be  as  a  blocking  material  in  moisture- 
vaporproof  packages. 


WADC  TR  57-682  January  1958 

ASTIA  Document  No.  AD  142282 
OTS  Release 

SUBJECT;  THE  DEVELOPMENT  OF  A  NON-ADHERING  CHEMICALLY  FOAMED- 

IN-PLACE  POLYURETHANE  CUSHIONING  MATERIAL  FOR  PACKAGING 
PURPOSES 

INVESTIGATOR;  Sidney  Childers 

Sidney  Allinlkov 

ABSTRACT;  A  chemical  process  for  tJio  production  of  a  non-adhering 

chemically  foamed-in-place  polyurethane  foam  is  presented.  An  evaduation 
of  several  organic  fatty  acids  as  a  release  agent  for  chemical  foamed 
f>olyuro thane  cushioning  is  included.  Fatty  acids  such  as  stearic  acid  in 
proper  concentration  were  found  to  impart  excellent  release  properties  to 
foam  after  foaming  on  bare  metal  and  glass  surfaces.  Further  benefits  from 
the  release  agent  are  shown  to  be  improvement  of  the  stress-strain  proper¬ 
ties  and  the  ability  to  vary  density  and  hence  cushioning  properties  by  the 
use  of  sufficient  amounts  of  fatty  acid.  The  effect  of  the  release  agent 
on  the  foaming  process  and  the  finished  cushion  is  discussed.  Graphs  and 
a  comparison  analysis  of  the  dynamic  and  static  cushion  properties  are 
presented  for  a  polyureiiiane  cushion  with  and  without  a  release  agent* 
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FUSTICS,  STRUCTURAL 


WADC  TR  52-183  Sup  5  October  1957 

ASTIA  Document  No.  AD  L42081 

SUBJECT*  ANNUAL  REPORT  ON  RESEARCH  FOR  USE  IN  ANC-17 

BULLETIN  "FUSTICS  FOR  AIRCRAFT" 

INVESTIGATOR:  Donald  G,  Coleman 

CONTRACT:  AF  33(616) -56-9 

CONTRACTOR:  Forest  Products  Laboratory 

ABSTRACT:  Developments  in  the  program  of  research  in  plastics  for 

aircraft  conducted  by  the  U,  S.  Forest  Products  Laboratory  during  fiscal 
year  1957  are  summarized.  The  approach  has  been  in  general  to  derive  cri¬ 
teria  mathematically  and  then  to  check  by  test.  Eight  technical  reports 
issued  during  the  fiscal  year  are  abstracted. 


WADC  TR  53-185  Pt  4  May  1958 

ASTIA  Document  No.  AD  155501 

SUBJECT:  THE  STUDY  OF  EROSION  OF  AIRCRAFT  MATERIALS  AT  HIGH 

SPEEDS  IN  RAIN 

INVESTIGATOR:  Roy  R.  Lapp  Raymond  H.  Stutzman 

Donald  H.  Thorpe  Norman  E.  Wahl 

CONTRACT:  AF  33(616) -2758 

CONTRACTOR;  Cornell  A  eronautical  Laboratory 

ABSTRACT:  The  results  obtained  on  the  relative  rain  erosion  resis- 

tance^  at  subsonic  speeds,  of  a  large  number  of  different  types  of  materi¬ 
als,  are  reviewed  in  detail  in  this  report. 

Spray  or  brush-on  types  of  coatings  were  evaluated  for 
conformance  to  Military  Specification  MIL-C-7439B.  Only  those  coatings 
based  upon  neoprene  had  erosion  resistance  meeting  the  requirements. 

Erosion  tests  were  conducted  on  a  large  number  of  \dilte 
coatings  based  upon  various  pigmented  polyacrylics,  silicones,  chlorosulfo- 
xuited  ethylene  and  neoprene  elastomers.  Of  all  these  idiite  materials  test¬ 
ed,  coatings  based  upon  Hypalon  alone  and  combinations  of  idiite  pigmented 
neoprene  and  polyacrylic  rubber  appeared  to  merit  further  study. 

Of  the  glass  and  ceramic  materials  tested,  alumina  bodies 
with  over  90^  alumina  had  the  best  erosion  resistance. 

Comparison  of  current  epoxy  and  polyester  glass  reinforced 
laminates  indicates  that  the  ez^sion  resistance  of  standard  test  specimens 
of  epoxy-glass  laminates  have  four  to  five  times  the  erosion  resistance  of 
similar  laminates  made  with  polyester  resins. 

In  collaboration  with  the  National  Bureau  of  Standards,  studies 
on  the  mechanism  of  erosion  and  tests  were  conducted  on  a  variety  of  different 
materials  under  specific  conditions. 
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WADC  TR  53-192  Pt  IX 

ASTI A  Document  No.  AD  130909 


July  1957 


SUBJECT:  MECPIANISM  OF  RAIN  EROSION 

PART  IX  -  0bs63r7ation  of  the  Fragmentation  of  Waterdrops 
in  a  Zone  behind  an  Air  Shook 
INVESTIGATOR:  Olive  G.  Engel 

CONTRACT:  AF  33(616)53-9 

CONTRACTOR:  National  Bureau  of  Standards 

ABSTRACT:  Observations  made  on  the  fragmentation  of  two  waterdrop 

sizes  after  collision  with  air  shocks  that  were  moving  at  three  different 
supersonic  velocities  are  reported.  The  possible  mechanism  of  various 
aspects  of  the  fragmentation  process  are  discussed.  The  experimental  ob¬ 
servations  indicate  that  hlgh-speed-raln-erosion  damage  should  not  be 
observed  on  spheres  having  a  diameter  as  large  as  4  ft  and  moving  with  a 
Mach  Number  in  the  range  of  1.3  to  1,7  in  rain  having  a  drop  diameter  of 
1.4  mm.  Drops  of  this  size  should  be  reduced  to  mist  in  the  zone  of  sepa¬ 
ration  between  the  detached  shock  and  the  surface  of  the  sphere  according  to 
the  results  that  are  reported.  A  means  to  extend  this  protection  to  spheres 
of  smaller  diameter  or  to  rain  of  larger  size  is  pointed  out.  The  need  for 
further  experimental  observation  of  the  time  required  for  the  fragmentation 
of  waterdrops  using  shocks  moving  at  higher  Mach  Numbers  is  Indicated  to 
verify  and  extend  the  information. 


WADC  TR  53-192  Pt  X  December  1957 

ASTI A  Document  No.  AD  142240 

SUBJECT:  MECHANISM  OF  RAIN  EROSION 

PART  X  -  A  Review  and  Evaluation  of  the  Present  State 
of  the  Problem 

INVESTIGATOR:  Olive  G.  Engel 

CONTRACT:  AF  33(616)53-9 

CONTRACTOR:  National  Bureau  of  Standards 

ABSTRACT:  A  review  of  the  rapidly  accumulating  literature  on  the 

subject  of  erosion  by  waterdrop  impingement  has  been  made.  The  types  of 
experimental  apparatus  that  have  been  used  by  the  investigators,  and  the 
factors  that  have  been  found  to  determine  the  extent  of  the  erosion  dam¬ 
age,  are  briefly  discussed.  Restilts  of  microscope  and  X-ray  studies  of 
eroded  surfaces,  and  of  parallel  studies  of  damage  marks  produced  by  the 
impingement  of  steel  8|heres,  deforming  lead  pellets,  oil-filled  gelatin 
capsules,  and  waterdrops  are  presented.  Several  theoretical  estimates  of 
the  impact  pressiire  that  results  from  the  collision  of  a  waterdrop  with  a 
solid  surface  are  reviewed.  The  result  of  a  piezoelectric  measurement  of 
this  pressure  is  given.  Some  of  the  theories  that  have  been  advanced  in 
regard  to  the  mechanism  of  the  erosion  process  and  of  the  micromechanism 
of  failure  are  discussed.  The  important  role  that  design  can  play  both  in 
mitigating  the  erosion  and  in  ocmipletely  bypassing  the  problem  under  some 
conditions  is  pointed  out. 
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WADC  TR  53-192  Pt  XI 
ASTIA  Document  No.  AD  142115 


November  1957 


SUBJECT:  MECHANISM  OF  RAIN  EROSION 

PART  XI  -  Effect  of  Residual  Stresses  and  of  Molding 
Variables  on  the  Erosion  Resistance  of  Nylon 
INVESTIGATOR:  Olive  G.  Engel 

CONTRACT:  AF  33 (616) -53-9 

CONTRACTOR:  National  Bureau  of  Standards 

ABSTRACT:  It  Is  shown  that  residual  stresses  In  the  original  plastic 

sheet  material  and  the  use  of  Improper  molding  conditions  for  the  fabrica¬ 
tion  of  test  specimens  may  provide  an  Incorrect  raln-eroslon-resletance  ra¬ 
ting  for  the  material  In  question  and  misleading  evidence  In  regard  to  the 
failure  mechanism  of  It.  Test  results  Indicate  that  properly  molded  nylon 
FM-lOOOl,  ^rfilch  was  heat  treated  by  the  manufacturer  to  remove  residual 
stresses  In  the  plastic  sheet.  Is  one  of  the  most  raln-eroslon  resistant 
of  the  rigid  plastic  materials  that  have  been  evaluated  at  Impingement  veloc¬ 
ities  up  to  600  ml/)ir.  This  rigid  plastic  closely  approaches  the  raln-eroslon- 
reslstance  of  neoprene  elastomers  at  600  val/hr. 


WADC  TR  55-186  Pt  II  October  1957 

ASTIA  Docvunent  No.  AD  142044 

SUBJECT:  ASBESTOS  FIBER  REINFORCED  PLASTIC  LAMINATES 

INVESTIGATOR:  Conrad  C.  Spatz 

CONTRACT:  AF  33 (616) -2257 

CONTRACTOR:  Johns -Manvllle  Corporation 

ABSTRACT:  The  Investigation  to  evaluate  the  effectiveness  of  medium 

length  and  short  asbestos  fibers  In  reinforcing  low-pressure  laminating 
resins  was  continued.  This  report  covers  the  evaluation  of  laminates  pre¬ 
pared  from  various  experimental  asbestos  papers  and  phenolic  resins. 

A  number  of  these  laminates  meet  the  mechanical  test  require¬ 
ments  of  Military  Specification  MIL-P-8013  for  polyester-glass  mat  laminates. 
Several  of  these  laminates  meet  the  flexural  and  edgewise  compressive  strength 
requirements  of  some  of  the  glass  cloth  laminates  In  this  specification.  The 
tensile  strength  of  these  laminates  Is  below  the  requirements  of  glass  cloth 
laminates.  The  best  asbestos-reinforced  laminates  retain  75  per  cent  ultimate 
flexural  strength  and  up  to  100  per  cent  flexural  modulus  at  500F  after  one- 
half  hour  at  500F. 


WADC  TR  55-186  Pt  III  November  1957 

ASTIA  Document  No.  AD  142139 

SUBJECT:  ASBESTOS  FIBER-REINFORCED  PLASTIC  LAMINATES 

INVESTIGATOR:  Wayne  0,  Jackson 
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CONTRACT:  AF  33(6l6)-2257 

CONTRACTOR:  Jobns-Manville  Corporation 

ABSTRACT:  The  investigation  of  medium  length  and  short  asbestos 

fibers  6is  reinforcement  for  low-pressure  laminating  resins  for  use  in 
structured  laminates  was  continued.  This  report  covers  the  evaluation 
of  laminates  prepared  frcan  medium  length  eisbestos  fiber  paper  and 
phenolic,  epoxy,  euid  polyester  resins. 

A  number  of  these  laminates  meet  the  raecheuiical  test 
requirements  of  M-litary  Specification  MIL-P-8013A  for  glass  mats. 
Several  laminates  meet  the  flexurad  and  edgewise  compressive  strength 
requirements  of  glass-cloth  laminates.  Phenolic,  epoxy,  and  polyester 
laminates  retained  100  per  cent  of  their  flexural  strength  and  flexural 
modulus  after  three  months'  exposure  to  outdoor  weathering  conditions. 
No  change  was  noticed  after  one  year  for  the  phenolic  laminates  while 
the  epoxy  and  polyester  laminates'  tests  are  continuing  for  one  year. 


WADC  TR  55-290  Pt  II  May  1958 

ASTU  Document  No.  AD  155502 
OTS  Release 


SUBJECT:  THE  DEVELOPMENT  OF  FIBROUS  GLASSES  HAVING  HIGH 

ELASTIC  MODULI 

INVESTIGATOR:  J.  A.  Waugh  H.  I.  Glaser 

V.  E.  J.  Chiochetti  R.  Z.  Schreffler 


CONTRACT:  AF  33(6l6)-2422 

CONTRACTOR:  Owens-Morning  Fiber glas  Corporation 

ABSTRACT:  This  report  describes  the  work  done  to  draw  fiberized 

glass  having  a  high  modulus  of  elasticity,  from  two  kinds  of  glass 
cullet;  that  containing  calcium  aluminate  and  that  containing  beryllium 
oxide. 


Fiberized  glass  was  obtained  from  each  although  not 
in  any  quantity.  Devitrification  problems  made  the  calcium  aluminate 
fibers  "brashy",  brittle,  and  rough.  It  is  not  expected  that  any  known 
"tip  environment"  control  will  eliminate  this  devitrification  problem. 

A  small  amount  of  fiberized  glass  was  obtained  from 
the  cullet  containing  beryllium  oxide.  This  was  smooth  in  texture  and 
had  a  good  appearance.  Pure  powdered  beryllium  oxide  is  extremely 
toxic  and  studies  were  made  after  this  substance  was  incorporated  into 
the  glass  melt  to  determine  if  such  toxicity  remained  a  hazard  when  the 
cxillet  was  remelted.  It  proved  to  be  no  hazard  although  in  the  interests 
of  good  precautionary  measures,  a  hood  for  optimum  fume  control  is 
recommended. 


In  the  initial  evaluation  program,  six  (6)  different 
bushings  were  used  incorporating  eight  (8)  different  tip  designs  or 
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modifications  in  an  effort  to  fiberize  calcium  aluminate  glass  cullet. 
Results  were  generally  unsuccessful. 

In  the  subsequent  (Supplemental  Agreement)  evaluation 
regarding  beryllium  oxide  glass  cullet,  one  (1)  bushing  incorporating 
two  (2)  different  tip  designs  was  used  in  the  attempted  fiberization. 
Results  were  generally  successful. 


WADC  TR '56-270  May  1957 

ASTIA  Document  No.  AD  118324 
OTS  Release 


SUBJECTS  INVESTIGATION  OF  THE  EFFECTS  OF  GLASS  FABRIC  GEOMETRY 

ON  THE  STRENGTH  PROPERTIES  OF  LOW  PRESSURE  GLASS 
FABRIC  BASE  STRUCTURAL  LAI-HNATSS 
INVESTIGATORS  W.  R.  Bowditch 
E.  L,  Johnson 


CONTRACTS  AF  33(616) -2543 

CONTRACTORS  Taylor  Fibre  Co. 

ABSTRACTS  This  report  describes  work  done  to  develop  glass 

fabrics  which  make  stronger  plastic  laminates  than  are  produced  by  the 
glass  fabrics  which  aire  commercially  available  today. 


In  the  Initial  evaluation  program,  seventeen  (17) 
experimental  fabrics  and  two  (2)  high  modulus  fabrics  were  compared 
to  four  (4)  standard  glass  fabrics  in  laminate  form.  Five  (5)  exper¬ 
imental  fabrics  were  selected  for  further  evaluation  after  improvements 
were  made  in  crimp,  twist,  fiber  diameter  and  weave.  Based  on  data 
obtained,  fvirther  consideration  and  study  should  be  made  to  determine 
the  practicality  of 

a.  Using  Final  Fabric  S-I4619-I 

b.  Using  the  original  HM-9  fabric  or  the  HM-9 
fabric  made  frcan  BCK  Filaments 

c.  Using  the  HM-18  (original)  or  the  HM-18  fabric 
made  from  ECK  filaments 


d.  Using  a  143  type  fabric  with  ECG  or  ECK  filaments 
in  the  warp  direction. 


WADC  TR  56-534  Ft  II  June  1957 

ASTIA  Document  No.  AD  130838 


SUBJECT:  NUCLEAR  RADIATION  EFFECTS  ON  STRUCTURAL  PLASTICS 

AND  ADHESIVES 

Part  II  Extension  of  Literature  Survey 
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INVESTIGATOR; 


R.  Y.  Mixer 
Shirley  B.  Radding 
CONTRACT:  AF  33(6l6)-3632 

CONTRACTOR:  Stanford  Research  Institute 

ABSTRACT:  A  survey  was  made  of  literature  on  radiation  chemistry 

available  during  the  period  30  September  1956  to  1  Febnxary  1957. 
Information  pertinent  to  the  effect  of  radiation  on  the  syntheses  and 
the  properties  of  polymers,  elastomers,  and  adhesives  was  tabulated, 

A  brief  summary  of  the  more  general  observations  on  the  effects  of 
radiation  on  these  materials  was  prepared. 

The  literature  available  prior  to  30  September  1956 
was  covered  in  Part  I. 


WADC  TR  56-534  pt  III  August  1957 

ASTIA  Document  No.  AD  131029 


SUBJECT:  NUCLEAR  RADIATION  EFFECTS  ON  STRUCTURAL  PLASTICS 

AND  ADHESIVES 

Part  III  Experimental  Research 
INVESTIGATOR:  R.  Y.  Mixer 

D.  B.  Parkinson 


CONTRACT;  AF  33C6l6)-3632 

CONTRACTOR;  Stanford  Research  Institute 

ABSTRACT:  Nuclear  radiation  damage  mechanisms  are  presented 

for  model  compoimds  representing  several  typical  aircraft  structual 
adhesives  and  laminates.  Laminates  were  prepared  from  eight  resin- 
curing  agent  systems  and  irradiated  to  109  lOlO  rep  for  determination 
of  the  threshold  dose  for  damage.  The  threshold  dose  for  one  system 
was  found  to  be  less  than  10®  rep.  In  the  case  of  typical  amine- 
cured,  epoxy-type  adhesives,  radiation  a ppears  to  cleave  the  amine 


groups  with  volatilization  of  some  fragments  and  to  crosslink  the 
polymer  chain.  Small  amounts  of  chemical  changes  result  in  large 
changes  in  physical  properties  of  the  cured  adhesive.  Beta  and  gamma 
irradiation  have  produced  equal  effects  on  one  vinyl-phenolic  and  one 
epoxy- t3rpe  adhesive.  One  organic  scintillator,  2,  5-diphenyl oxazole, 
appears  to  be  partially  effective  in  preventing  irradiation  damage 
in  an  exposy  type  adhesive. 


WADC  TR  57-200  September  1957 

ASTIA  Document  No.  AD  131041 

SUBJECT:  ASBESTOS  REINFORCED  LAMINATES 

INVESTIGATOR:  Norman  E.  Wahl 

Harold  M.  Preston 
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CONTRACT;  AF  33(6l6)-2926 

CONTRACTOR;  Cornell  Aeronautical  Laboratory 

ABSTRACT;  The  use  of  long  fibered  asbestos  as  a  reinforcement 

for  typical  polyester,  epoxy,  silicone  and  phenolic  resins  was  inves¬ 
tigated.  Low  pressure  laminates  were  prepared  and  the  physical  prop¬ 
erties  were  determined. 

It  was  found  that  the  molding  pressure  and  the  resin 
content  of  asbestos  laminates  had  a  considerable  influence  on  their 
ultimate  physical  properties.  Asbestos  reinforced  laminates  molded 
at  15,  30  and  60  psi  had  considerably  lower  mechanical  properties 
than  glass  reinforced  laminates  molded  at  the  same  pressure  with  the 
same  resin.  Molding  pressures  from  200-800  psi  and  resin  contents  of 
28-38  percent  by  weight  of  the  asbestos  laminate  are  required  to  achieve 
physical  properties  that  are  comparable  to  glass  cloth  reinforced 
laminates.  Of  the  various  types  of  resins  investigated,  the  phenolic 
resins  with  asbestos  felts  resulted  in  laminates  with  the  most  reprod¬ 
ucible  and  the  highest  physical  properties  at  room  temperature. 

However  at  elevated  temperatures  the  silicone  resins  with  the  asbestos 
gave  the  highest  strengths.  After  exposure  to  temperatures  of  700  “ 
and  800*F  for  192  hours  and  tested  at  700^  or  800^F,  these  silicone 
asbestos  laminates  generally  retained  50/6  or  more  of  their  room 
temperature  strength.  For  applications  where  plastic  laminates  must 
be  used  at  temperatures  of  700°  or  800'^F,  the  silicone  asbestos  lamin¬ 
ates  merit  consideration. 

It  was  observed  that  the  resin  content  of  an  asbestos 
laminate  could  not  be  lowered  to  any  great  degree  by  increasing  the 
pressure  during  molding,  as  can  usually  be  done  with  laminates  using 
glass  as  a  reinforcement.  If  lower  resin  contents  are  required,  it 
is  necessary  to  treat  the  asbestos  by  various  methods  such  as  the  use 
of  a  solvent  diluted  resin  with  subsequent  removal  of  the  solvent  in 
an  oven  or  drying  tower  with  the  proper  amount  of  heat. 

The  final  properties  of  asbestos  laminates  depend  on 
many  factors  such  as  fiber  treatment,  asbestos  binders,  resin  content, 
flow  and  gel  time  of  the  resin,  layup  of  the  plies,  molding  temperature 
pressure  and  posture.  It  is  apparent  from  this  study  that  a  great  deal 
has  to  be  done  to  develop  a  technique  of  Impregnating  and  molding 
asbestos  felt  in  order  to  obtain  higher  physical  properties  with  varioixs 
types  of  resins. 
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WADC  TR  57-246 

ASTI A  Document  No.  AD  130881 


SUBJECT:  ELEVATED-  AND  ROOM-TEMPERATURE  PROPERTIES  OF  VIBRIN 

135  GLASS  FABRIC-PLASTIC  LAMINATE 
INVESTIGATOR:  Gilbert  M.  Gytm 

John  A.  Vanecho 

Ward  F.  Simmons 


CONTRACT:  AF  33(6l6)-3215 

CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT:  Basic  engineering  data  have  been  obtained  for  the 

benefit  of  airframe  designers  on  a  glass-fabric  laminate  containing 
Vibrin  135,  a  polyestertriallyl  cyanurate  (TAC)  resin.  These  data 
include  results  of  creep  and  creep-mpture  in  both  tension  and  compres¬ 
sion,  flexural,  deterioration,  and  short-time  tensile  and  compression 
tests. 


The  strength  properties  of  Vibrin  135  were  found  to 
be  dependent  upon  both  the  temperature  and  the  length  of  time  the 
material  was  exposed  to  a  given  temperature.  The  test  resvilts  indicate 
that  the  laminate  is  relatively  strong  and  stable  for  exposures  to 
1CX)0  hours  at  low  temperatures  (80,  300,  and  400  F),  At  higher  temper¬ 
atures,  however,  the  strength  of  Vibrin  135  decreased  rapidly  with 
increases  in  either  temperature  or  exposure  time. 

The  results  reported  are  for  particular  and  specified 
panels  of  the  test  material,  and  should  not  be  considered  as  precise 
design  data  for  all  panels  of  Vibrin  135  laminate. 


WADC  TR  57-352  October  1957 

ASTIA  Document  No,  AD  142065 

SUBJECT:  EVALUATION  OF  A  VARIATION  IN  GLASS  COMPOSITION  OF 

GLASS  FIBERS  FOR  PLASTIC  LAMINATES 
INVESTIGATOR:  G.  P,  Peterson 

ABSTRACT:  A  variation  of  “E"  type  glass,  designated  1145  "E” 

glass  was  developed  by  Owens-Cornlng  Fiberglas  Corporation  to  replace 
the  standard  "E"  type  glass  designated  621  ”E"  glass  for  use  in  glass 
fibers  for  glass  fiber  reinforced  plastic  laminates.  The  evaluation 
program  included  the  fabrication  and  evaluation  of  laminates  id-th: 

(l)  181  style  glass  cloth  woven  from  both  types  of  glass  fiber,  (2) 

Owens-Coming  136  and  139  finishes  on  each  type  of  glass  fiber,  (3) 
typical  polyester  (Paraplex  P-43)  and  heat  resistant  polyester  (Vibrin 
X-IO68)  resins.  Room  temperature,  elevated  temperature,  chemical 
immersion,  water  immersicai,  fatigue  and  electrical  tests  were  conducted 
to  provide  a  comparison  of  the  properties  of  laminates  made  from  the 
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two  passes*  ELeotrical  tests  were  also  made  on  bulk  glass  samples 
of  the  two  gleisses.  The  1145  "E"  glass  fiber  was  satisfactorj  and 
equivalent  to  the  standai^i  621  "E"  type  glass  fiber  in  all  respects 
except  for  dielectric  consteuit  properties*  At  room  temperature  the 
dielectric  constant  at  8.5  KMC  of  the  1145  "E"  glass  was  someiJhat 
higher  than  that  of  621  '*E"  glass,  which  is  undesirable,  but  within 
acceptable  limits.  However,  the  dielectric  constant  at  8,5  KMC  of 
the  1145  "E"  glass  increased  far  more  rapidly  with  increasing  temper¬ 
atures  than  that  of  621  '•E'*  glass,  and  to  an  unacceptable  extent. 
Consequently  the  1145  ”E"  glass  weiuld  not  be  satisfactory  for  radcmes 
for  radar  guidance  control  purposes.  Since  the  proposed  alternate 
composition  is  not  acceptably  equivalent  to  the  621  ’’E*’  ^ass,  the 
1145  '»E"  glass  is  not  considered  satisfactory  for  Air  Force  reinforced 
plastic  applications. 


WADC  TR  57-531  November  1957 

ASTIA  Document  No,  AD  142136 


SUBJECT:  ROOM-  AND  ELEVATED-TEMPERATURE  STRENGTH  PROPERTIES 

OF  BAKELITE  BV-17085  GLASS  FABRIC-PLASTIC  LAMINATE 
INVESTIGATOR:  Gilbert  M.  Gynn 

John  A.  Vanecho 

Ward  F.  Simmons 


CONTRACT:  AF  33(6l6)-3215 

CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT:  Basic  design  data  including  creep  and  creep-rupture, 

flexureil,  deterioration,  and  short-time  tensile  and  compression  prop¬ 
erties  were  obtained  for  Bakelite  BV-17085,  a  phenolic  resin-glass- 
fabric  laminate.  The  creep  and  creep-rupture  data  were  obtained  at 
80,  300,  and  500  F  with  rupture  times  ranging  from  about  zero  to 
1000  hours*  The  other  properties  were  determined  at  80  to  1000  F 
xd-th  prior  exposures  at  the  test  temperatures  for  times  ranging  from 
0  to  1000  hours.  The  creep  and  creep-rupture  specimens  were  not  ex¬ 
posed  to  elevated  temperatiires  prior  to  testing. 


The  over-all  strength  properties  of  BV-17085  are 
relatively  good  with  useful  load-carrying  ability  as  high  as  1000  F 
for  time  periods  of  less  than  about  1  hour  .  The  short-time  tensile 
strength  of  the  material  seems  to  be  largely  independent  of  test 
temperature  or  prior  exposure  within  limits  of  the  test  conditions. 
The  short-time  compression,  creep-rupture,  and  flexural  strength 
properties,  on  the  other  hand,  vary  to  a  lecrge  degree  with  both  test 
tamperatures  and  prior  exposiire  or  exposure  during  test. 


Stability  of  the  test  material,  as  determined  by 
exposure  at  elevated  temperatures  for  various  periods  of  time,  is  quite 
good  at  300  and  400  F,  At  hi^er  temperatinres,  deterioration  of  the 
laminate  is  directly  related  to  the  temperature  and  time  of  exposure. 


WADC  TR  53-373  Sup  5 


137 


The  test  data  discussed  in  this  report  should  be 
considered  only  as  property  trends  because  of  the  wide  degree  of  scatter 
generally  found  in  the  property  values  of  glass-fabric  laminates 
including  BV-17085. 


WADC  TR  57-574  December  1957 

ASTIA  Document  No.  AD  142190 


SUBJECT:  ELEVATED-  AND  ROOM-TEMPERATURE  PROPERTIES  OF  CONOLON 

506  PLASTIC-GLASS  FABRIC  LAMINATE 
INVESTIGATOR:  Gilbert  M.  Gynn 

John  A.  Vanecho 


Ward  F.  Simmons 
CONTRACT:  AF  33(6l6)-3215 

CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT:  Basle  engineering  properties  for  Conolon  506,  a 

phenolic  resin-glass  fabric  laminate,  are  presented  in  this  report. 

The  data  included  were  obtained  from  creep  and  creep>-rupture,  flexural, 
deterioration,  and  short-time  tension  and  ccsnpression  tests.  The  tests 
were  conducted  at  temperatures  ranging  from  80  to  1000  F  with  prior 
exposures  at  these  temperatures  ranging  from  about  0  to  1000  hours. 


In  general,  the  creep-rupture  strength  was  found  to  be 
greater  in  tension  than  in  compression.  The  minimim  creep  rates  were 
found  to  be  relatively  low  since  very  little  plastic  strain  was  meas¬ 
ured  after  loading.  The  flexural  and  short-time  tensile  and  compressive 
strengths,  and  flexured  and  tensile  elastic  moduli  were  deleteriously 
affected  by  increases  in  either  temperature  or  exposure  time.  Also, 
under  the  conditions  of  this  evaluation,  the  short-time  tensile  strength 
exceeded  the  short-time  compressive  strength.  The  results  of  this 
evaluation  merely  indicate  property  trends  and  should  not  be  considered 
as  precise  design  data. 


WADC  TR  57-638  Pt  I  December  1957 

ASTIA  Document  No.  AD  142181 

SUBJECT:  EFFECTS  OF  HIGH  INTENSITY  THERIIAL  RADIATION  ON 

STRUCTURAL  PLASTIC  LAMINATES 
INVESTIGATOR:  Herbert  S.  Schwartz 

Ben  J.  Lisle 

ABSTRACT:  Polyester,  silicone  and  phenolic  glass-fabric-base 

plastic  laminates  were  exposed  to  thermal  radiant  energy  up  to  an 
intensity  of  25  cal/cm2-second,  with  and  without  mechanical  stress, 
to  determine  their  resistance  to  mechanical  and  physical  degradation. 
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Absorptivities  of  thermal  radiant  energy  from  a  6000°K 
source  were  computed  from  spectral  reflectance  and  transmittance  data 
measured  over  the  region  from  0.4  to  2.0  microns. 

The  resistance  of  the  laminates  to  thermal  radiation 
measured  by  degradation  of  mechanical  properties  was  found  to  be  a 
function  of  absorptivity,  heat  resistance  of  the  laminating  les in,  and 
stress  applied.  Based  on  mechanical  property  considerations,  the 
optimian  material  for  resisting  the  effects  of  high  intensity  radiant 
energy  and  moderate  stresses  was  found  to  be  the  silicone  laminate, 
and  for  low  intensities  over  a  wide  range  of  stresses  was  found  to  be 
the  phenolic  laminate. 
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ASTIA  Document  No.  AD  150972 

SUBJECT:  THE  EFFECTS  OF  HYDRAULIC  FLUIDS  ON  THE  PROPERTIES  OF 

GLASS  FIBER  REINFORCED  PLASTIC  LAMINATES 
INVESTIGATOR;  D.  F.  Starks 

ABSTRACT:  The  object  of  this  investigation  wets  to  provide  a 

wider  range  of  mechanical  strength  and  physical  property  information 
on  the  effects  of  immersion  cai  some  reinforced  plastic  materials  in 
chemical  types  of  fluids  being  considered  for  futiare  use  at  the  pro¬ 
jected  use  temperatures.  Weight  and  thickness  change  determinations 
were  conducted  on  the  flexural  specimens  of  the  five  (5)  plastic 
materials  utilized,  with  four  (4/  experimental  hydraulic  fluids. 
Flexural,  tensile  and  compressive  strength  tests  were  conducted  both 
before  and  after  immersion. 

The  various  immersion  conditions  utilized  for  the 
materials  were  as  follows:  l)  24  hours  at  room  temperature,  2) 

7  days  at  roan  temperature,  3)  24  hours  at  160*F  for  Paraplex  P--43 
polyester  only,  4)  24  hours  at  250‘^F  for  the  heat  resistant  materials, 

5)  24  hours  at  400'^F  in  OS-45  silicate,  and  6)  24  hours  at  500'’F 

in  F-50  silicone.  The  immersions  at  250'’ F,  400 °F  and  500'’F  were 
conducted  utilizing  the  heat  resistant  materials  only. 

Immersion  in  the  high  temperature  fluids  under  the 
various  conditions  used  had  negligible  effect  on  the  mechanical 
properties  of  the  plastic  materials.  The  room  temperature  immersion 
in  the  fluids  had  negligible  effect  on  the  weight  and  thickness 
physical  properties,  however,  variations  in  weight  and  thickness 
were  determined  from  the  elevated  temperature  immersions  at  400  F 
and  500  F,  partiexilarly. 
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SUBJECT:  MECHANICAL  PROPERTIES  OF  PLASTIC  LAMINATES  REINFORCED 

WITH  NOL  24  -  FINISHED  GLASS  FABRIC 
INVESTIGATOR:  Kenneth  E.  Kimball 

CONTRACT:  DO  33(616)56-9 

CONTRACTOR:  Forest  Products  Laboratory 

ABSTRACT:  This  report  presents  the  results  of  tests  of  three 

parallel-laminated,  glass-fabrlc-base,  plastic  laminates  in  which  the 
glass  fibers  had  been  treated  with  a  universal  type  of  chemical  finish. 
The  finish  was  developed  by  the  Naval  Ordnance  Laboratory  and  is 
designated  as  NOL  24*  This  finish  was  tested  with  a  181  glass  fabric 
and  polyester,  epoxy,  or  phenolic  resin. 

The  laminates  were  tested  in  tension,  compression,'^' 
and  flexure  after  normal  and  wet  conditioning,  with  some  tests  at  elev¬ 
ated  temperatures.  Data  are  presented  both  in  tables  and  as  typical 
curves. 

Also  included  is  a  table  of  comparative  data  showing 
how  the  laminates  reinforced  with  NOL  24-finlshed  fabric  compared  with 
similar  laminates  reinforced  with  fabric  having  other  finishes. 
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SUBJECT:  ORGANOSILICON  COMPOUNDS 

Part  II  -  The  Cyclopentamethylenedlalkylsilanes 
INVESTIGATOR:  Dr.  Harold  Rosenberg 

Dr.  Christ  Tamborski 
Marvin  D.  Rausch,  l/Lt 

ABSTRACT:  Ah  investigation  into  the  use  of  cyclic  tetra-sub- 

stituted  organo-silanes  vrais  conducted  to  determine  their  applicability 
as  beise  materials  for  extreme-temperature  lubricant  and  hydraulic  fluid 
applications.  A  series  of  cyclopentamethylenedialkylsilanes  was 
synthesized  and  certain  of  the  physical  properties  correlated  with 
molecular  structure.  In  addition,  one  aryl  derivative,  cyclopentam- 
ethylenediphenylsilane,  was  prepared  and  evaluated.  The  cyclopen- 
tamethylenedlalkylsilanes  were  found,  similar  to  the  unsymmetrlcal 
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tetraalkylsilanes,  to  be  liquid  over  a  wide  temperature  range  and,  in 
the  case  of  certain  members,  to  be  thermally  stable  at  elevated  temper¬ 
atures.  These  compounds,  on  the  basis  of  preliminary  data,  appear  to 
show  promise  as  base  materials  for  certain  wide-temperature  hydraulic 
fluid  and  lubricant  applications. 
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OTS  Release 

SUBJECT:  ORGANOSILANES  AND  RELATED  COMPOUNDS  AS  HIGH- 

TEMPERATURE  LUBRICANTS 

Part  III.  Mixed  Symmetrical  Tetraalkylsilanes 
INVESTIGATOR:  Dr.  Harold  Rosenberg 

Dr.  Christ  Tamborski 
James  D.  Groves,  lAt 

ABSTRACT:  One  class  of  mixed  symmetrical  tetraalkylsilanes  was 

investigated  to  determine  their  applicability  as  base  materials  for 
Air  Force  hi^-teraperature  hydraulic  fluids  and  lubricants.  A  series 
of  di-a-dodecyldialkylsilanes  was  prepared  and  various  physical  prop¬ 
erties  of  the  fluids  obtained  were  correlated  with  molecular  structinre. 
These  materials  were  found  to  be  thermally  stable  at  elevated  temper¬ 
atures  and  liquid  over  a  wide  temperature  range.  In  addition  to  the 
tetraalkyl  compounds,  one  aralkyl  derivative,  di-fl-dodecyldiphenyl- 
silane,  was  also  synthesised.  On  the  basis  of  preliminary  property 
data,  this  fluid  and  at  least  several  mixed  symmetrical  tetraalkyl- 
silanes  offer  considerable  promise  as  base  stocks  for  700'^F  lubricant 
and  hydraulic  fluid  applications  in  new  advanced  air  weapon  systems. 
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SUBJECT:  DEVELOPMENT  OF  FLUORO-SILICOKE  ELASTOMERS 

INVESTIGATOR:  George  W.  Dyckes 

CONTRACT :  AF  33  (6l6 )-3238 

CONTRACTOR:  Peninsular  Cheraresearch,  Inc. 

ABSTRACT:  Some  premising  fluoroalkyl  silane  monomers  and  polymers 

have  been  prepared  for  use  as  high  temperature  and  aircraft  fuel 
resistant  elastomeric  materials. 


Appreciable  quantities  of  the  monomers,  CF2CH2CH  Si(CH^)- 

CI2,  CH3 

CH(CF3)cH2Sl(CH3)ci2>  CF3GF2CH2  CH2Si(CH3)Cl2  and  CF^  -  CF2CP2- 

GH2CH2Si(CH3)Cl2  were  synthesized  for  polymerization  studies.  Hydrolysis 
reactions  were  carried  out  on  the  monomers  and  the  constant  boiling 
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products  have  been  characterized.  Pol3nnerization  of  the  cyclic  hydrol3r5eS 
products  to  elastic  hcmopolymers  has  been  realized  using  the  active 
metals  in  Group  lA  of  the  periodic  table  as  polymerization  catalysts. 
Copolyroers  with  octamethylcyclotetraslloxane  were  also  prepared  using 
potassium  hydroxide  as  a  catalyst.  An  attempt  to  prepare  a  high  mole¬ 
cular  weight  ternary  polymer  from  the  triraer,  {GF3CH2CH2Si(CH3)0j3, 
and  the  cyclic  tetramers,  ^^113) 28!^^  and  |CH2'CHSi(CH3)Qj^,  gave  only 
a  medium  viscosity  oil. 

A  study  was  made  of  the  reaction  of  hydrogen  fluoride 
with  the  compound,  CF2^CH2CH2Br  in  attempt  to  improve  the  yield  of  the 
fluorinated  product,  CF3CH2CH2Br.  Improved  yields  were  obtained? 
however,  percent  conversion  still  remains  relatively  low. 

In  the  preparation  of  new  fluoroalkyl  silane  monomers, 
preliminary  experiments  were  carried  out  on  the  fluorination  of  the  beta 
carbon  atcan  on  the  compounds  CCl2^HSi (0113)2  and  CHCl^HSiCCHo)^. 
Analytical  r esults  indicate  the  fluorinated  compounds  were  obtained. 
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SUBJECT:  DEVELOPI-'ENT  OF  FLUORO-SILICONE  ELASTOMERS 

INVESTIGATOR:  Byron  H.  Wise 

CONTRACT:  AF  33(6l6)-3238 

CONTRACTOR:  Peninsular  Chemresearch,  Inc. 

ABSTRACT;  Some  promising  fluoroalkylsilane  monomers  and  polymers 

have  been  prepared  for  use  as  high  temperature  and  aircraft  fuel  resis¬ 
tant  elastomeric  materials. 


In  addition  to  the  halosilanes  previously  sjuthesiaed, 
the  following  new  silanes  were  prepared: 

Bis (trifluoropropyl)dichloro- 
silane 

( Chlor ohexafluorocycl obutyl ethyl ) - 
me t hyldichl or os ilane 

(2-Trifluoromethyltrifluoropropyl)- 
methyldichlorosilane . 

Polymerization  of  the  cyclic  polymers  of  (pentafluoro- 
butyl) -methyls iloxane  and  (heptafluoropentyl)methylsiloxane  was  attempted, 
but  resulted  in  oils  of  lower  viscosity  than  desired.  Polymerization 
of  the  cyclic  polymers  of  ( trif luor opr opyl) me thy Is iloxane  yielded  high 
viscosity  oils  and  in  one  case  an  elastic  gum  was  formed. 
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ASTIA  Document  No.  AD  118294 
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SUBJECT:  INVESTIGATION  OF  CONDENSATION  TYPE  ELASTOMERS 

INVESTIGATOR:  George  C.  Schweiker  Russell  R.  White 

Burton  S.  Marks  Rudolph  N.  Deleo 

CONTRACT:  AF  33(6l6)-2421 

CONTRACTOR:  Hooker  Electrochemical  Company 

ABSTRACT:  The  tiltimate  goal  of  the  exploratory  investigations 

described  is  the  development  of  a  rubber  for  special  Air  Force  appli¬ 
cations.  High  thermal  stability  (350**?  or  higher);  resistance  to  aro¬ 
matic  fuels,  S3mthetic  esterbase  oils  and  hydraulic  fluids;  resistance 
to  ozone  and  to  weathering  oxidation  effects;  resistance  to  acids, 
bases,  and  salts;  resistance  to  abrasion;  and  satisfactory  performance 
at  -65®F  or  lower  are  major  requirements  for  such  an  elastomer© 

Preliminary  compounding  and  testing  studies  with  an 
elastomer  based  on  a  fluorine-containing  polyester,  made  from  adipyl 
chloride  and  2,2,3,3,4,4-hexafluoropentanediol,  have  given  premising 
restilts.  At  the  present  stage  of  development,  compounded  and  cross- 
linked  specimens  of  hexafluoropentylene  adipate  retain  useful  mechan¬ 
ical  properties  after  aging  in  air  at  400*F  (70  and  168  hour  tests), 
and  in  diester  oil  at  350^  (70  hour  test);  are  resistant  to  paraff¬ 
inic  and  aromatic  fuels;  and  exhibit  a  brittle  tmnperature  of  -98*^ 
(ASTM  I>-746). 

This  report  describes  the  preparation,  compounding, 
cross-linking  and  properties  of  hexafluoropentylene  adipate  elastomer 
as  well  as  syntheses  and  properties  of  other  fluorine-containing 
condensation  polymers  and  difunctional  starting  materials.  Data  indi¬ 
cating  that  increasing  fluorine  content  of  the  pxjlymers  decreases  their 
solubility  in  common  solvents  without  regard  to  position  of  the  fluorine 
in  the  polymer  are  extended.  On  the  other  hand,  these  data  show  that 
position  of  the  fluorine,  rather  than  total  fluorine  content  of  the 
polymer  is  of  most  importance  in  affecting  brittle  temperatures. 


WADC  TR  55-221  Pt  IV  February  1958 

ASTIA  Document  No.  AD  151009 
OTS  Release 

SUBJECT:  INVESTIGATION  OF  CONDENSATION  TYPE  ELASTOMERS 

INVESTIGATOR:  George  C.  Schweiker  Blaine  L,  Lucas 

Bmrton  S.  Ifarks  Edward  V.  Gouinlock 

Carl  J.  Verbanic 
CONTRACT:  AF33(6l6)-2421 

CONTRACTOR:  Hooker  Electrochemical  Canpany 


WADC  TR  53-373  Sup  5 


U3 


ABSTRACT:  The  ultimate  goal  of  the  exploratory  investigations 

described  is  the  development  of  a  rubber  for  special  Air  Force  appli¬ 
cations.  Major  requirements  for  such  a  material  include  good  mechanical 
properties,  high  thermal  stability  (originally  350*^  or  higher),  satis¬ 
factory  performance  at  -65^  or  lower,  and  resistance  to  aromatic  fuels, 
synthetic  ester-base  oils,  and  hydraulic  fluids. 

To  this  end,  fluorine-containing  condensation  polymers 
are  being  investigated  in  an  effort  to  discover  and  develop  suitable 
new  elastomers. 


This  report  describes  the  prepeiration,  compounding, 
cross-linking,  and  properties  of  certain  fluorine-containing  polyester 
elastcaners  vdiich  appear  to  meet  the  goals  outlined  above.  The  report 
also  describes  the  research  performed  on  the  synthesis  of  fluorine- 
containing  difunctional  starting  materials,  polyesters  and  nitrogen- 
substituted  polyamides  therefrom,  euid  their  characterization. 
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SUBJECT:  DEVELOPMENT  OF  IN0RGAI«C  POLYMER  SYSTEMS 

INVESTIGATOR:  Carlin  F.  Gibbs  George  Sbkapenko 

Harold  Tucker  John  C.  Park 


CONTRACT :  AF33 (6l6)-2744 

CONTRACTOR;  The  B,  F.  Goodrich  Company 

ABSTRACT;  The  purpose  of  this  Investigation  was  to  prepare 

polymeric  inorganic  or  semi-inorganic  materials  capable  of  withstanding 
elevated  temperatures. 


The  investigation  of  the  alimiinum-o:^gen-silicon 
system  initiated  last  year  has  been  continued  through  this  year. 
Previous  difficulties  in  formation  of  aluminum-oxygen-silicon  bonds 
were  traced  to  exchange  reactions.  Reaction  of  aluminvim  halides  with 
sodium  silanolates  has  been  found  to  lead  to  formation  of  aluminum- 
oxygen-silicon  bonds  in  high  yields  with  no  evidence  of  exchange  reac¬ 
tions,  By  this  means,  tristriphenylsiloxyaluminum  and  tristrimethyl- 
slloxyalumlnum  have  been  prepared.  Attempts  to  extend  this  principle 
to  the  preparation  of  polymers  using  difunctional  aluminum  halides  and 
s Hanoi  salts  have  not  resulted  in  formation  of  high  polymers,  but 
only  polymers  very  low  in  molecular  weight. 


Preparation  of  trimethylsiloxyaluminum  diisopropoxide 
in  high  yield  by  reaction  of  aluminum  isopropoxide  with  trimethylace- 
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toxysilane  indicates  that  this  type  of  reaction  might  also  be  a  good 
one  for  the  establishment  of  alvminum-oxygen-silicon  bonds. 

A  rubberty  tin-silicon  polymer  containing  8-10^  tin 
was  stable  upon  being  heated  at  300^0  for  three  hours. 
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SUBJECT*  PRINCIPLES  OF  INORGANIC  POLYMERIZATION 

INVESTIGATOR:  Anton  B.  Burg  Gordon  L,  Juvinall 
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CONTRACT:  AF  33(6l6)-2743 

CONTRACTOR:  University  of  Southern  California 

ABSTRACT:  This  project  continues  to  seek  and  to  find  new  patterns 

of  chemical  bonding  and  to  consider  their  possible  usefulness  in  relation 
to  the  invention  of  new  polymers  having  imusual  thermal  stability. 

Some  of  our  amino-phosphino-boron  resins  are  stable  at  temperatures 
approaching  500®C.,  and  the  limit  is  not  yet  knoimj  however  the  problem 
of  their  poor  mechanical  properties  remains.  The  phosphinoborine  bonding 
principle  withstands  a  great  increase  in  the  electronegativity  of  sub¬ 
stituents  on  phosphorus.  The  stability  of  P-P  bonding  seems  much 
enhanced  by  CF^  groups  on  Tf  so  that  the  new  eompoonds  (PCF^)^  awI 
(PCF3)5  are  decidedly  stable.  The  previous  tentative  interpretations  of 
the  by-products  of  the  fluorocarbanphosidioxnis  iodide  reactions  with 
mercury  are  reconsidered  in  the  light  of  now  facts.  Progress  toward 
more  ^ectronegative  substituents  on  boron  is  reported,  and  our  recently 
initiated  work  on  phosphinoaluminum  cooipounds  has  produced  some  Interesting 
materials.  Nltarilophosphorio  chloride  is  not  depolymerized  by  pyridine, 
but  it  reacts  with  triethylamlne  in  an  interesting  manner. 
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ABSTRACT:  The  work  of  the  past  year  has  been  devoted  largely  to 

the  search  f  or  new  substances  which  might  seem  promising  as  components 
of  inorganic  polymer  systems,  and  to  a  study  of  their  chemical  bonding 
properties.  The  aminophosphine  (CH2)2NP(CH2)2  has  been  converted  to 
(CH3)2PC1  and  to  the  new  diphosphine  F2(CH3f^.  The  latter  was  used  to 
make  a  (CH3)2PBH2-chain  polymer  and  a  somewhat  improved  thermally 
stable  resin.  A  new  Interpretation  of  such  resins  extends  earlier 
ideas.  The  phosphino-aluminum  system  has  been  explored,  indicating 
new-type  compounds  of  some  interest,  A  considerable  further  study  of 
fluorocarbon-phosphorus  compounds  included  a  demonstration  of  CFoP 
higher  polymers,  the  (CF^POg)^  svstem,  and  (CF3P),-nickel-c9rbonyl 
polymers..  The  synthesis  of  (CF3)2FBH2  trimer  and^tetraraer  has  oeen 
studied  thoroughly,  with  recognition  of  interesting  by-products.  The 
(GH3)3N-(NPC12)3  reaction  has  been  shovm  to  split  the  amine  to  form 
(CH3)2N-P  derivatives.  An  acetylide  derivative  of  (NPCl2)3  formed  a 
higher  polymer,  Work  with  (NPF2)3  has  begun.  The  interesting  unstable 
product  of  the  CF3SCI-B2H6  reaction  may  prove  to  be  CF3BF2, 
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SUB.JECT!  COORDINATION  POLYMERS 

INVESTIGATOR:  ¥.  Conrad  Femelius 

Maurice  Shamma 
Norman  R.  Garofano 
CONTRACT:  AF  33(6l6)-2742 

CONTRACTOR:  The  Pennsylvania  State  University 

ABSTRACT:  Various  approaches  towards  the  development  of  polymers 

through  coordination  have  been  investigated.  Several  bis  OS’-diketones ) 
have  been  prepared j  this  work  will  now  be  followed  by  attempts  at  their 
polymer! aat i on , 


Attempts  to  prepare  a  silicon  monomer  by  the  reaction 
of  dimethyldichlorosilane  with  the  sodium  salt  of  acetylacetone  were 
unsuccessful,  the  product  formed  being  unstable.  On  the  other  hand,  a 
series  of  monomeric  bis(acetylacetoneate)dialkoxy  titanium  compounds 
were  synthesized. 


Investigations  on  the  coordination  ability  of  organic 
phosphorus  radicals  have  shown  that  they  do  not  coordinate  easily, 
Dithipphosphates,  on  the  other  hand,  coordinate  well,  A  series  of  salts 
of  dithiophosphates  has  been  prepared,  and  efforts  have  been  made  to 
prepare  an  analogous  bifunotional  ligand.  Polymeric  materials  have  been 
produced  from  what  probably  is  a  mixed  ester  of  a  dialcohol  and  mono¬ 
alcohol,  These  dithio  compounds  have  low  thermal  stability. 
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Inyestigations  of  similar  oompoonds  with  other  donor  , 
atoms  led  to  the  conclusion  that  compounds  with  various  combinations  of 
oxygen,  sulfur,  amido  nitrogen,  and  substituted  amldo  nitrogen  do  not 
coordinate  well,  except  for  the  dithio  compounds  already  mentioned. 
Because  of  little  hope  of  producing  high  temperature  polymers,  this  phase 
of  the  problem  has  been  abandoned. 

Efforts  towards  the  formation  of  coordination  polymers 
from  bis  (<Q:>hydrQxyazo) compounds  did  not  yield  promising  results  because 
of  the  insolubility  of  the  products  formed. 

A  series  of  2“l>ydroxyfcetones  was  prepared  by  means  of 
the  iVles  Rearrangement  preliminary  to  the  synthesis  of  bisC^H-hydroxy- 
ketones ) • 
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INVESTIGATOR;  Charles  P.  Haber 

CONTRACT*  AF  33{6l6)-56-41 

CONTRACTOR*  U.  S.  Naval  Ordnance  Laboratory 

ABSTRACT*  The  work  described  within  this  report  has  as  its 

objective  the  synthesis  of  polymeric  materials  having  extreme  chemical 
and  thermal  stability  \diich  are  suitable  for  use  in  various  aircraft 
applications  such  as  elastomers,  plastics,  fluids,  dielectrics,  and 
adhesives*  In  most  applications  the  needed  materials  must  be  able  to 
resist  the  action  of  the  atmosphere  at  the  elevated  temperatures;  in 
some,  resistance  to  corrosive  fuels  and  fuel  combustion  products  is 
required.  The  task  of  this  program  is  to  investigate  promising  inoiv 
ganlc  bonding  systems  for  thermal  and  chemical  resistance  and  to  incor¬ 
porate  these  bonding  systems  into  high  polymer  molecules  with  the 
required  id^slcal  and  mechanical  properties. 

Diphenylvlnylsilaue  has  been  prepared  in  good  yields. 

The  polymerisation  of  this  material  by  peroxide-initiated  reactions  in 
bulk,  solution,  and  emulsion  has  led  only  to  low  molecular  wiig^t,  low 
melting  solids  of  no  apparent  practical  significance.  The  mechanism  of 
polymerization  has  been  established  as  the  addition  of  the  elements  of 
Si-H  bond  of  one  molecule  across  the  vinyl  unsaturation  of  another 
molecule.  Catalysis  of  the  polymerization  hj  a  ;d.atinum-on-earbon  eata> 
lysis  led  to  a  different  type  of  reaction  and  a  dlssimular  product  tenta¬ 
tively  assigned  the  8trueturef2C2H^-Si-SlC2H2<^2* 

In  an  attempt  to  prepare  (CF>)2FN  polymeirs,  a  multi- 
step  synthesis  giving  an  excellent  overall  yield  of  the  desired  staiidng 
material,  was  developed.  The  reaction  of  (CF^)2PC1^  with 
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ammonia  and  ammonium  chloride  under  a  vide  variety  of  experimental 
conditions  led  to  rearrangement,  disproporticaiation,  and  ammonolysis 
of  CF^  groups.  As  a  result  of  these  side  reactions,  it  has  not  been 
possible  to  prepare  the  desired  nitride  polymer. 
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SUBJECT I  COPOLYMERS  OF  1,  l-DIHYDROPHERFLUOROBUTYL  ACRYLATE 

WITH  SOME  VINLY  SILANES 
INVESTIGATOR:  Eugene  C.  Stump,  Jr.,  lAit 

ABSTRACT:  The  piurpose  of  this  investigation  was  to  prepare  an 

elastomer  with  hi^  temperature  resistance  as  well  as  improved  resistance 
to  the  deteriorating  and  swelling  effects  of  fuels  and  oils. 

Four  silane  moncaners}  vinyl triethoxy-,  vlnylethyl- 
diethoxy-,  vlnyldimethylethoxy-,  and  vinyltrimethylsilane  were  copoly¬ 
merized  with  1,1-dihydroperfluorobutyl  acrylate.  The  resulting  polymers 
were  tested  fcr  thermal  stability  by  determining  percent  wei^t  loss  in 
dry  air  at  350‘^F  and  400®F.  In  most  cases  weight  loss  of  the  silane 
containing  polymers  was  appreciably  less  than  that  of  the  hcmopolymer 
poly-l,l-dihydroperfluorobutylacrylate.  The  enhanced  thermal  stability 
is  attributed  to  a  unique  tyi)e  of  cross-linking,  which  is  discussed 
theoretically. 


Infrared  spectra  of  the  samples  were  recorded  and 
discussed.  Results  of  compounding,  testing,  and  evaluaticai  vdll  be 
reported  at  a  later  date. 
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SUBJECT:  PHOTOCHEMICAL  SYNTHESIS  OF  ORGANIC  FLUORINE 

COMPOUNDS 


INVESTIGATOR:  Joseph  D.  Park 

John  R.  Lacher 


CONTRACT:  AF  33(6l6)-3266 

CONTRACTOR:  University  of  Colorado 

ABSTRACT:  The  purpose  of  this  research  work  has  been  to  synthesize 

organic  and  organo-metallic  fluorine  compounds  with  the  major  objective 
of  obtaining  moncaners  suitable  for  polymerization  into  elas tenners, 
plastics,  fluids  and  related  material  of  high  thermal  and  chemical 
stability.  In  conjunction  with  these  aims,  this  Laboratory  has  synthe¬ 
sized  two  halogenated  pentadiene. 


U8 


WADC  TR  53-373  Sup  5 


Several  important  four-meinbered  fluorinated  ring 
compounds  have  been  synthesized  and  their  cyclic  ethers.  To  furnish 
adequate  proof  of  structure  and  determine  the  position  of  unsaturation, 
the  compomds  have  been  halogenated. 

In  the  work  on  alcohols  both  1, 2-dif luoro-2~chloroallyl 
alcohol  and  l,l-dufluoro-2-bromoallyl  alcohol  have  been  synthesized, 
the  first  reported  synthesis  of  a  fluorinated  allyl  alcohol  obtainable 
directly  from  a  Grignard  reagent.  However,  synthesis  of  trifluoroallyl 
alcohol  has  not  been  achieved. 

Attempts  which  have  been  made  to  synthesize  monohydric 
and  polyhydric  alcohols  indicate  that  the  proposed  routes  are  feasible. 
Work  in  this  area  has  not  been  completed, 

A  variety  of  methods  have  been  used  in  attempts  to 
prepare  alpha,  beta-unsaturated  ketones  (Grignard,  free-radical, 
preparation  of  alkyl  lithium  derivatives,  Friedel-Crafts-type  reactions, 
and  preparation  of  an  unsaturated  acid)  without  success.  Several  of 
the  ketones  derived  from  the  addition  of  a  Grignard  reagent  to  Kel-F 
Acids  have  been  prepared.  As  intermediates  to  the  preparation  of 
ketones,  two  alkynes  have  been  made. 
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SUBJECT:  PHOTOCHEillCAL  SYNTHESIS  OF  ORG^iNIC  FLUORINE 

COMPOUNDS 


INVESTIGATOR:  Joseph  D.  Park 

John  R.  Lacher 


CONTRACT;  AF  33(6l6)-3266 

CONTRACTOR:  University  of  Colorado 

ABSTRACT;  The  purpose  of  this  research  work  has  been  to  synthesize 

organic  and  organometallic  fluorine  compounds  with  the  major  objective 
of  obtaining  monomers  suitable  for  polymerization  into  elastomers, 
plastics,  fluids  and  related  material  of  high  thermal  and  chemical 
stability.  In  conjunction  with  these  aims,  this  Laboratory  has  synthe¬ 
sized  a  number  of  diols  and  cyclic  fluorosilanes.  At  the  present  time, 
however,  the  structures  assigned  to  several  of  the  synthesized  fluoro¬ 
silanes  have  not  been  verified. 


Further  work  in  the  preparations  of  cyclic  diols 
involving  the  dimerization  reaction  of  fluoroolefins  with  alkenes 
containing  functional  groups  has  produced  intermediates  with  interesting 
fluorescent  properties. 

Initial  investigation  has  been  made  of  obtaining  a 
monomeric  unit  with  fluorine  substitution  on  the  aromatic  nucleus. 
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SUBJECT:  RESEARCH  ON  HIGH  TEMPERATURE  LAJfINATING  RESINS  BASED 

ON  MALSIMIDE  AND  ITS  DERIVATIVES 
Roger  W.  Amidon 
Charles  H.  Alexander 
AF  33(6i6)-36o6 
Naugatuck  Chemical 

The  object  of  this  contract  was  the  preparation  of 
laminating  r esins  for  service  in  the  range  of  6OO  "  to  700^ F  based 
primarily  on  maleimide  or  derivatives  thereof. 


INVESTIGATOR: 

CONTRACT: 
CONTRACTOR: 
ABSTRACT: 


Resins  were  evaluated  by  preparing  from  them  a 
Fiberglas  cloth  laminate  and  exposing  cured  test  pieces  to  elevated 
temperature.  Quality  was  judged  by  retention  of  flexural  strength  of 
exposed  samples. 


A  VIBRIN  135  type  system  which  contained  255^  maleimide 
showed  superior  modulus  under  unaged  and  aged  conditions.  Flexural 
strength  values  after  192  hours  exposure  at  500 “F  have  been  as  high 
as  38,000  psl. 


New  alkyds  have  been  prepared  and  evaluated  with 
triallyl  cyanurate  monomer.  None  investigated  showed  outsteinding 
properties  when  compared  to  VIBRIN  135. 

Several  N-substituted  maleimide  compounds  were  inves¬ 
tigated  with  a  VIBRIN  135  alkyd  and  triallyl  cyanurate.  The  strength 
of  aged  pieces  did  not  compare  well  with  maleimide  resins. 

Triallyl  isocyanurate,  triallyloxybenzene  raaleimido- 
methyl  acrylate  and  N-allyloxymethyl  maleimide  were  synthesized  and 
screened  as  copolymerizable  monomeric  materials. 

Effort  was  made  to  gain  some  insight  into  the  cause 
and  minimization  of  interlaminar  blistering,  A  low  acid  number  poly¬ 
ester  reduced  blistering  somewhat.  Blistering  was  not  experienced 
with  non-nitrogeneous  monomers  such  as  diallyl  o-phthalate  or  styrene. 
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CONTRACTOR:  Reaction  Motors,  Inc. 

ABSTRACT:  Phenyldichlorofluorosilane  and  methyldichlorofluoro- 

silane,  monomeric  materials  suitable  for  the  prepairation  of  polyorgan- 
ofluorosiloxane  poljrmers,  were  prepared  in  good  yield  and  good  conver¬ 
sion  by  the  reaction  of  gaseous  boron  trifluoride  with  phenyldichloro- 
ethoxysilane  and  methyldicliloroethoj^silane.  Phenylmethylchlorofluoro- 
silane  and  phenylraethylfluoroethoxysilane  were  synthesized  and  evaluated 
as  chain  stopping  agents  for  the  organofluorosiloxane  polymers*  The 
polymerization  of  these  monomers  were  studied  and  the  liquid  polymers 
obtained  were  evaluated  f  or  potential  use  as  high  temperature  base 
stock  fluids.  The  relationship  of  physical  properties  to  structural 
features  of  the  polymeric  oils  was  established. 
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SUBJECT ; 
INVESTIGATOR; 


CONTRACT; 


HIGH-TEI.IPERATURE  STABLE  SElilORGANIC  FLUIDS 
Part  II.  Organophosphorus  Compounds 
Daniel  Grafstein 
Murray  S.  Cohen 
AF  33(616) -3417 


CONTRACTOR:  Reaction  Motors,  Inc, 

ABSTRACT;  Several  alternate  synthetic  procedures  were  developed 

for  the  preparation  of  substituted  aryldialkylphosphine  oxides. 

Among  the  tertiary  phosphine  oxides  prepared  were  diethyl phenyl phos¬ 
phine  oxide,  p-chlorophenyldiethylphosphine  oxide,  triethyl phosphine 
oxide,  ethylmethyl phenyl phosphine  oxide  and  2, 5-dime thylphenyldie thyl- 
phosphine  oxide.  Other  intermediates  of  some  synthetic  importance  were 
prepared  including  o-tolydichlorophosphine,  diethylphosphonyl  chloride 
and  ethyl phenyl phosphonyl  chloride. 


The  inherent  thermal  and  oxidative  stability  of  the 
tertiary  phosphine  oxides  has  been  experimentally  verified  at  285"C 
with  both  diethylphenylphosphine  oxide  and  p-chlorophenyldiethylphos- 
phine  oxide,  Principkl  efforts  were  devoted  to  improving  the  liquid 
range  by  introducing  chosen  substituents  in  certain  positions  of  the 
aromatic  ring  of  an  aryldialkylphosphine  oxide. 
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Part  I,  Synthesis  and  Properties  of  Alkyl,  Alkaryl, 
and  Metalated  Derivatives  of  Ferrocene 
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IiTVESTIGATOR:  Marvin  Rausch,  l/Lt 

Martin  Vogel,  lAt 
Dr.  Harold  Rosenberg 

ABSTRACT;  The  purpose  of  this  program  was  to  uncover  new  types 

of  cyclopentadienyl  metals,  or  "ferrocene-like,”  compounds  with  prop¬ 
erties  suitable  for  extreme  temperature  lubricant  and  hydraulic  fluid 
applications.  A  series  of  long-chain  alkylferrocenes  and  arylalkyl- 
ferrocenes  were  prepared  by  the  Friedel-Creift  acylation  of  ferrocene 
and  subsequent  reduction.  Furthermore,  the  metalation  of  ferrocene 
by  a-butyl-lithium  and  by  mercuric  acetate  was  studied  in  detail,  and 
some  reactions  of  the  metalated  derivatives  were  investigated* 
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SUBJECT:  METAL-CTCLOPENTADIENIL  HIGH-TEMPERATURE  LUBRICANTS 

AND  RELATED  MATERIALS 

Part  II.  A*  Synthesis  and  Properties  of  Aryl,  Benzyl, 
and  Silyl  Derivatives  of  Ferrocen.  B*  Preliminary 
Studies  on  the  Effect  of  Tetrahydrofuran  on  the  Lithl- 
ation  of  Ferrocene 


INVESTIGATOR;  Marvin  Rausch,  l/Lt  Dana  Mayo,  l/Lt 
Martin  Vogel,  l/Lt  Paul  Shaw,  l/Lt 

Dr.  Harold  Rosenberg 

ABSTRACT;  The  purpose  of  this  program  was  to  uncover  new  types  of 

ferrocene-containing  materials  with  properties  suitable  for  extreme- 
temperature  lubricant  and  hydraulic  fluid  applications.  A  number  of  new 
aryl-  and  benzylferrocenes  have  been  prepared*  A  valuable  modification 
of  the  lithiation  of  ferrocene  by  Q-butyllithium  has  been  devised  using 
ethyl  ether-tetrahydrofuran  as  the  solvent  system.  This  procedure  has 
been  employed  for  the  preparation  of  both  carboxy-  and  l,i-dicar boxy- 
ferrocene  in  good  yield,  and  for  the  synthesis  of  long-chain  alkylsilyl- 
ferrocenes. 
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CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT;  This  report  describes  research t o  determine  the  poly¬ 

merization  characteristics  of  a  group  of  experimental  fluorine-containing 
monomers  and  a  preliminary  evaluation  of  the  potential  of  the  resulting 
polymeric  products  as  high-temperature  and  solvent-resistant  rubbers  and 
plastics. 


The  horaopolymerization  of  a  group  of  six  fluorinated 
olefin  oxides  in  mass  and  solution  using  numerous  different  polymeri¬ 
zation  catalysts  yielded  only  low-molecular-weight  liquid  polymeric 
products* 


Copolymerization  of  several  fluorine-containing  prop- 
enyl  ketones  with  dienes  yielded  some  promising  elastomers.  Copolymer¬ 
ization  of  some  fluorinated  pentadienes,  butenes  and  pentenes  was  effected 
to  yield  resinous  solids;  homopolymerization  of  these  monomers  was 
unsuccessful.  Some  fluorine-containing  cyclic  olefins  were  hanopoly- 
merized  and  copol3mierized. 
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SUBJECT:  POLYMERIZATION  STUDIES  ON  MONOMERS  AND  EVALUATION 
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INVESTIGATOR:  Faber  B,  Jones  Palmer  B.  Stickney 

R.  A.  Markle  Randall  G.  Eeillgmann 


CONTRACT:  AF  33(6l6)-3313 

CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT:  This  report  describes  research  to  determine  the  poly¬ 

merization  characteristics  of  a  group  of  experimental  moncmieric  compounds 
smd  a  preliminary  evaluation  of  the  potential  of  the  resulting  pol3rmeric 
products  as  thermally  stable  and  solvent-resistant  rubbers  and  plastics. 


The  homopol3?merization  of  a  group  of  six  fluorine- 
containing  olefin  oxides  in  mass  and  solution  using  numerous  different 
polymerization  catalysts  yielded  only  low-molecular-weight  liquid  poly¬ 
meric  products. 


Copolymerization  of  perfluorcmethylpropenyl  ketone  with 
butadiene  at  5  C  in  aqueous  emulsion  by  free-radical  initiation  yielded 
solid  rubbery  polymers.  Copolymerization  of  perfluoropropylpropenyl 
ketone  with  1,  1,  2-trifluoro-3-chlorobutadiene;  1,1,2-trifluorobutadiene; 
and  normal  butadiene  by  free-radical  Initiation  in  aqueous  emulsicm  also 
yielded  solid  polymers  with  varying  degrees  of  elastomeric  character* 
Copolymerization  of  perfluoropropenyl  ketone  with  l,l,2-trifluoro-3|4>4- 
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trichlorobutadlene  or  l,l,2-trifluoro-3,4-dichlorobutadiene  to  solid 
polymeric  products  could  not  be  accomplished  by  free  radical  or  ionic 
initiation,  Perfluoroheptylpropenyl  ketone  was  observed  to  copolymerize 
with  1,3-dienes  under  conditions  similar  to  those  used  for  perfluorome- 
thyl-  and  perfluoropropylpropenyl  ketone  but  appeared  to  be  less  reactive. 

The  copolymers  of  perfluoromethylpropenyl  ketone  vrith 
butadiene  and  perfluoropropylpropenyl  ketone  with  butadiene  and  1,1,2- 
trifluoro-3-chlorobutadiene  were  briefly  evaluated  as  rubber  vulcanizates 
and  showed  some  promise  in  high-temperature  and  solvent  resistance. 

The  three  perfluoroalkylpropenyl  ketones  appeared  to 
homopolymerize  in  low  yield  to  low-molecular-weight  products  by  BFo 
catalysis  at  low  temperatures.  Generally,  good  yields  of  solid  polymeric 
products  were  obtained  when  these  perfluoroalkylpropenyl  ketones  were 
copolymerized  with  styrene  or  l,l,i-tj'ifluoroethyl  vinyl  ether  by  BF^ 
catalysis  under  similar  conditions, 

Eonopolymerization  of  perfluoro-l,  4-pentadiene;  1,1,3, 
3,5, 5-hexafluoro-l ,  4-pentadiene ;  1,1, 2, 3, 3, 4, 5, 5-octaf luoro-4 , 5-dichloro- 
1-pentenej  and  l-ethoxyperfluorocyclobutene-l  cou].d  not  be  accomplished 
by  free-radical  or  ionic  polymerization  teclmiques,  Copoljrmerization  of 
these  monomers  v/ith  such  ccanonomers  as  vinyl  acetate^  acrylonitrile; 
butadiene;  styrene;  1,1,1-trifluoroethyl  vinyl  ether;  1,1-dihydroperfluor- 
obutylaci^late ;  and  N-n-butyl-N-1,  l-dihydroperfluorobutylacrylamide 
yielded  polymeric  products  ranging  from  oils  to  elastomeric  and  resinous 
solids. 


Homopolymerization  of  l,£-diethoxyperfluorocyclobutene-l, 
1-allyloxyperfluorocyclobutene-l;  and  1,1,2,3,3,4 , 5, 5-octafluoro-2- 
chloro-4-pentenylmethyl  ketone  by  free-radical  and  ionic  polymerization 
methods  yielded  liquid  and  solid  polymeric  products.  Copolymerization  of 
these  monomers  witl.  styrene  and  K-n-butyl-H-1,  l-dibydroperfluorobutyl- 
aciylamide  yielded  resinous  solid  polymeric  products. 

Attempts  were  made  to  prepare  hlgh-molecular-weight 
homopolyesters  by  polyccndensation  of  isomers  of  pyridine  dicarboxylic 
acid  with  ethylene  glycol.  The  products  were  brittle,  lovMnolecular- 
weight,  highly  colored  solids. 

Transesterification  of  the  dimethyl  esters  of  the  pyridine 
dicarboxylic  acids  with  ethylene  glycol  did  not  give  products  of  signi¬ 
ficantly  improved  properties.  Replacement  of  ethylene  glycol  with  neopentyl 
glycol,  however,  gave  prcxiucts  of  less  coloration  fmd  apparently  greater 
thermal  stability. 

Reaction  of  the  diacid  chlorides  of  some  of  the  pyridine 
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dicarboxylic  acid  isomers  with  ethylene  and  neopentyl  glycol  gave  essen¬ 
tially  the  same  results  as  transesterification  reactions  of  the  dimethyl 
esters,  except  that  the  reactions  were  more  rapid  and  the  products  had, 
in  general,  greater  clarity. 

Thermosetting  copolyesters  were  prepared  by  copolymer¬ 
izing  the  pyridine  dicarboxylic  acids,  their  dimethyl  esters  or  diacid 
chlorides,  and  an  unsaturated  dicarboxylic  acid  with  ethylene  glycol  or 
neopentyl  glycol.  The  products,  translucent  or  opaxjue,  dark  broim  semi¬ 
solids  or  solids  at  room  temperature,  could  be  modified  with  triallyl- 
cyanurate  and  cured  to  give  dark  brown,  opaque,  hard,  nontacky  solids. 

Thermosetting  polyesters  were  obtained  by  reacting 
pyridine  diacrylic  acid  or  its  dimethyl  ester  with  ethylene  or  neopentyl 
glycol.  The  uncured  products  were  clear,  dark  broim,  low-melting  solids 
retaining  double-bond  activity, 

A  polycarbonate  of  moderate  molecular  weight  was  prepared 
by  reacting  4,4'  -dioxydi phenyl-2, 2-propane  (Bisphenol  A)  with  phosgene 
or  with  diphenyl  carbonate,  A  molded  film  approximately  0,010  inch  thick 
prepared  from  the  product  obtained  by  fusion  with  diphenyl  carbonate  was 
fairly  stiff  but  could  be  bent  double  without  cracking, 

A  lovwnolecular-weight  water-soluble  resin  was  prepared 
by  the  reaction  of  bis (hydroxyme thane)  phosphinic  acid  with  dimethyl 
torephthalate. 
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ABSTRACT;  One  of  the  continuing  objectives  of  this  project  is  the 

accumulation  of  fundamental  data  relating  the  stinicture  of  phosphinobo- 
rines  to  their  chemiced  and  physical  properties.  To  this  end,  ten  new 
phosphinoborines  have  been  synthesized  and  several  of  these,  as  well  as 
some  of  the  previously  known  derivatives,  have  been  screened  for  oxidative, 
hydrolytic,  and  thermal  stability.  The  synthesis  of  phosphine  and  borine 
intermediates  by  known  methods  has  produced  four  new  alkyl  phosphines. 
Several  approaches  to  the  preparation  of  aryl  phosphines  and  diphosphines 
have  been  attempted  without  success. 
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WADC  TR  57-126  Pt  II 
ASTU  Document  No.  151182 


April  1958 


SUBJECTi  PHOSPHINOBORINE  POLYMERS 

INVESTIGATOR I  Roes  I.  Wagner  Levern  D,  Freeman 

Frederick  F.  Caaerio,  Jr.  Ernest  Levens 

Earl  M.  Evleth  Kendrick  R.  Eilar 

CONTRACT t  AF  33(6l6)-3506 

CONTRACTOR;  American  Potash  &  Chemical  C'  rporation 

ABSTRACT;  One  of  the  continuing  objectives  of  this  project  is  the 

accumulation  of  fundamental  data  relating  the  structures  of  phosphin- 
oborines  to  their  chemical  and  physical  properties.  To  this  end  six  new 
phosphinoborines  have  been  synthesized  and  several  of  these,  as  well  as 
some  of  the  previously  known  derivatives,  have  been  screened  for  oxidative, 
hydrolytic,  and  thermal  stability.  The  synthesis  of  phosphine  interme¬ 
diates  by  known  methods  has  produced  one  new  alkylphosphine  and  six  new 
organophosphine  derivatives.  The  successful  preparation  of  a  primary 
arcKatic  di phosphine  has  been  achieved. 


WADC  TR  57-143  May  1958 

ASTIA  Document  No,  AD  118308 
OTS  Release 

SUBJECT;  DEVELOPMENT  OF  THERMALLY  STABLE  SILICON 

CONTAINING  RESINS 
INVESTIGATOR;  L.  W.  Breed 

Fred  Baiocchl 

Howard  W,  Christie 
CONTRACT;  AF  33(6l6)-3675 

CONTRACTOR;  Midwest  Research  Institute 

ABSTRACT;  The  purpose  of  this  program  is  the  development  of  ther¬ 

mally  stable  silicon  containing  resins,  and  the  parts  of  that  program 
already  completed  are  described  in  full.  This  program  includes  the 
synthesis  of  silane  moncHners  which  contain  two  silicon  atoms  connected 
by  eurylene  groups  and  have  sufficient  functionality  to  form  a  thermo¬ 
setting  polymer  when  hydrolyzed  and  cured.  It  also  includes  finding 
methods  of  hydrolyzing  and  polymerizing  these  monomers  in  which  the  max¬ 
imum  use  is  made  of  their  functionality. 

Possible  methods  for  synthesizing  the  monomers  have  been 
investigated.  Those  methods  which  were  found  suitable  for  the  preparation 
of  quantities  of  one  pound  or  more  were  used  to  prepare  the  following 
compounds ;  l,4-bis(methyldiethoxysilyl)benzene,  4,4*-bis(methyldiethox- 
y3iiyl)phenylether,  and  phenyldichlorosilyl-trichlorosilylbenzene.  Also, 
the  description  of  a  statistically  designed  series  of  experiments  to  study 
the  variables  effective  in  the  foi*mation  of  laminates  from  silicone 
resins  and  glass  fiber  fabric  is  included. 
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WADC  TR  57-143  Pt  II 
ASTIA  Document  No.  AD  151002 
OTS  Release 


February  1958 


SUBJECT;  DEVELOPMENT  OF  THERMALLY  STABLE  SILICON 

CONTAINING  RESINS 
INVESTIGATOR:  L.  W.  Breed 

Fred  Baiocchl 
Calvin  C.  Bolze 
CONTRACT;  AF  33(6l6)-3675 

CONTRACTOR;  Midvest  Research  Institute 

ABSTRACT;  Additional  work  aimed  at  preparing  thermally  stable 

silicon  containing  resins  is  described  and  some  information  on  the  incor¬ 
poration  of  these  resins  into  glass  fabric  laminates  is  included.  Other 
methods  for  synthesizing  moncmers  were  investigated,  particularly  the  use 
of  tetrahydrofuran  as  a  solvent  in  the  (^ignard  syntheses.  The  results 
of  a  statistically  designed  experiment  to  study  the  variables  effective 
in  the  formation  of  laminates  from  silicone  resins  and  glass  fabric  are 
given,  and  the  results  of  a  similar  experiment  to  study  the  effect  of 
treating  finished  silicone  resins  with  catalyst  solutions  are  also 
described.  Use  of  phenyldichlorosilyl-trichlorosilyl-benzene  in  resin 
compositions  is  reported  in  considerable  detail  and  the  properties  of 
laminates  prepared  from  these  resAna  are  described.  Laminates  are  also 
obtained  from  resins  prepared  from  l,4-bis(methyldiethoxysilyl)benzene, 
4,4*-bis(methyldiethoxysilyl)phenylether,  m-bis(tricbloro3llyl)benzene, 
p-bis(triohlorosilyl) -benzene  and  a  mixture  of  the  last  two  isoners. 


WADC  TR  57-189  September  1957 

ASTIA  Document  No.  AD  131095 
OTS  Release 

SUBJECT;  REACTIONS  IN  ELECTRODELESS  DISCHARGES  BETWEEN  VOLATILE 

HALIDES  AND  ORGANIC  COMPOUNDS 
INVESTIGATOR;  Gosta  C.  Akerlof 

CONTRACT:  AF  33(6l6)-3225 

CONTRACTOR:  Aerochem  Research  Laboratories,  Inc. 

ABSTRACT:  The  purpose  of  this  program  was  to  study  the  formation 

of  new  types  of  thermally  stable  fluids  and  solids  by  means  of  high 
voltage  electrodeless  discharges  through  mixtures  of  volatile  halides, 
particularly  of  silicon,  and  organic  compounds.  The  effect  of  tempera¬ 
ture,  pressure,  flow  rate,  current,  and  voltage,  on  the  product  yield 
and  discharge  behavior  was  investigated  for  typical  reactant  combinations. 

The  product  properties  were  studied  for  forty  different 
reactant  systems  and  twenty  samples  were  submitted  to  the  Materials 
Laboratory,  Wright  Air  Development  Center,  for  more  detailed  evaluation. 
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In  addition,  a  600  gram  sample  boiling  above  400''C,from  the  reaction  of 
methane  with  dimethyldichlorosilane  in  the  electrodeless  discharge,  was 
submitted  for  evaluation.  Fractionation  of  similar  samples  has  given 
cuts  boiling  over  200“C  without  visible  decanposition  -  these  same  frac¬ 
tions  were  liquids  at  -IS^C.  The  reaction  between  methane  and  methyl- 
chlorosllanes  produces  substances  with  hl^  boiling  points  which  have 
excellent  thermal  stability,  combined  with  low  freezing  points  and  rela¬ 
tively  low  viscosity  over  large  temperature  ranges. 


WADC  TR  57-321  June  1957 

ASTIA  Document  No.  AD  130622 

SUBJECT:  SYNTHESIS  OF  POLYmYLHJJIl^STHYLSILANE  AND 

POLYmiLYLDBPCTHYl  SILOX^UJE 

INTESTIOATQR:  Glesm  R.  Wilson 

Gretchsn  M.  Hutzel 
Louis  B.  Updegrove 
CONTRACT:  AF  33(600 >-32448 

CONTRACTOR:  Ford  Motor  Company 

ABSTRACT:  The  purpose  of  this  program  is  to  prepare  a  series  of 

poly-jj^xylylyldimethylsllanes  and  poly-^-xylylyldimethyl  siloxanes  for 
evaluation  as  high-temperature  lubricants  and/or  hydraulic  fluids. 

The  major  effort  has  been  devoted  to  finding  a  suitable  procedure  for 
preparing  one  of  the  building  blocks  of  the  polymers,  viz.,  bls- 
(trimethylsilyl)-£>xylylene  and  suitable  Intermediates  for  synthesizing 
this  latter  compound.  Many  of  the  approaches  for  synthesizing  the 
monomeric  bvdldlng  block  were  unsuccessful  and  resulted  in  the  formation 
of  vindeslrable  side  reactions.  Only  recently  was  a  successful  procedure 
developed  which  involved  the  condensation  of  jj^-dibromobenzene  and 
chloromethyltrimethylsllane  with  metallic  sodium.  The  application  of 
this  successful  procedure  towards  synthesis  of  the  polymeric* silane  and 
slloxane  are  now  under  Investigation. 


WADC  TR  57-321  Pt  II  June  1958 

ASTIA  Document  No.  AD  155663 

SUBJECT:  SYNTHESIS  OF  POLYIILILYLDIMBTHILSILANE  AND 

POLIIYLILYLTETRAMETHIL  SILOXAHE 
INVESTIGATOR:  Glenn  R.  Wilson 

Gretchen  M.  Hutzel 
Richard  C.  Hetu 
CONTRACT:  AF  33(600)-32448 

CONTRACTOR:  Ford  Motor  Company 

ABSTRACT:  The  purpose  of  this  project  is  the  synthesis  of  a 

series  of  poly-p-xylylyldimethylsilanes  and  poly-p-xylylyltetramethyl- 
siloxanes  for  evaluation  as  hi^  temperature  lubricants  and/or  Igrdranlie 
fluids. 
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The  proposed  program  of  syntheses  was  outlined  and 
discussed  previotisly  in  WADC  TR  57-321  and  was  directed  primarily  at 
working  out  the  details  for  synthesizing  the  basic  building  unit  of 
poly-p-xylylyldimethylsilane  before  proceeding  to  the  ultimate  synthesis 
of  the  polymers.  At  that  time  we  had  obtained  a  very  small  quantity 
of  a  liquid  material,  whose  elemental  analysis  agreed  exactly  with  that 
calculated  for  bis(trimethylsilyl)-p-xylylene,  frcmi  the  coupling 
reaction  of  p-dibromobenzene  and  chloromethyltrimethylsilane  with 
metallic  sodium.  Subsequent  efforts  to  prepare  larger  quantities  of 
this  material  by  scaling  up  the  reaotion  were  unsuccessful  and  complex 
mixtures  of  difficult-to-separate  materials  were  obtained. 

Because  of  the  multiplicity  of  functional  groups 
involved  in  this  particular  coupling  reaction,  other  routes  of  synthesis 
were  investigated  in  an  attempt  to  reduce  the  numbers  of  permutations 
and  combinations  of  competing  reactions.  The  results  of  these  invest¬ 
igations  indicate  that  an  unequivocal  route  is  yet  to  be  found  for 
preparing  the  desired  compound. 

As  final  efforts  we  are  investigating  a  Priedel-Grafts 
type  reaction  described  in  the  recent  Russian  literature^  and  will  also 
attempt  to  prepare  the  meta  isomer  of  bis(trimethylsilyl)  xylylene  for 
which  there  is  a  much  better  chance  of  success. 


WADC  TR  57-391 

ASTI A  Document  No,  AD  131100 
OTS  Release 


September  1957 


SUBJECT:  P0LY^^ERIZATI0N  THROUGH  COORDINATION 

INVESTIGATOR:  John  C.  Bailar,  Jr. 

William  C.  Drinkard,  Jr. 

Malcolm  L.  Judd 
CONTRACT:  AF  33(6l6)-3209 

CONTRACTOR:  University  of  Illinois 

ABSTRACT;  The  purpose  of  this  work  is  to  study  the  preparation 

and  properties  of  meteil-containing  polymers  in  which  the  metal  ion  is 
held  in  the  polymer  through  coordinate  bonds.  It  is  expected  that  such 
polymers  will  have  exceptional  stability  toward  heat  and  chemical 
reagents. 


The  background  for  the  formation  of  such  polymers  is 
presented  and  the  principles  involved  in  the  preparation  of  plastic 
materials  are  discussed.  Pertinent  literature  references  are  cited. 

Chelate  polymers  containing  bis-^-diketones .  bigi-i#- 
hydroxyquinolines,  /v-hydroxyethylpolyamines,  and  bis-‘j-amino  acids 
have  been  investigated,  as  well  as  polymeric  phthalocyanines ,  The  most 
promising  results  have  been  obtained  with  the  polymeric  phthalocyanines, 
which  have  molecular  weights  up  to  about  30,000, 
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WADC  TR  57-436 

ASTIA  Document  No.  AD  142116 
OTS  Release 


November  1957 


SDBJlSCTt  PREPARATION  OF  POLYl'^ERS  FROM  HALOGEN-CONTAINING 

OLEFINS  AND  DIENE  M0N014ERS 
INVESTIGATOR:  H.  Iserson 

M«  Hauptscheln 
F.  E.  Lawler 

CONTRACT:  AF  33(616)-3137 

CONTRACTOR:  Pennseilt  Chemicals  Corporation 

ABSTRACT:  Synthetic  work  on  this  project  included  the  preparation 

of  fluoro-  and  fluorohalo-  olefins  and  dienes.  Among  the  monomers 
prepared  were  3-chloro-l,l,2-trifluorobutadiene,  l,2-dichloro-3,4,4- 
trifluorobutadiene,  l,l,2-trichloro-3,4,4-trifluorobutadiene,  3-brooio-l, 
1 , 2-trif luor obut  adiene ,  1 » 1 >  2 , 3-tetr af luor obutadiene ,  1 ,4-dichlorotetraf- 
fluorobutadiene,  1,1-din.uoroisobutylene,  l-trifluorovinyl-2-chloro-2, 

3 1 3-trif luorocyclobutane ,  l-vinyl-2-chloro-l,2, 3,3 ,4,4-hexaf luorocyclo- 
butane,  perfluoro-l-vinylcyclobutene-l.  Polymerizations  have  been 
tried  with  these  and  with  other  olefins.  Some  of  the  polymers  vdiich 
appear  of  interest  were  prepared  from:  perfluoropropene  and  trif- 
luoroethyl  vinyl  ether;  1, 1, 2, 3-tetraf luor obut adiene;  1,1,2,3-tetra- 
fluorobutadiene  and  trifluoroethyl  vinyl  ether;  1, 1,2, 3-tetr afluoro- 
butadiene  and  ethylene  oxide;  trifluoroethylene  and  trifluoroethyl 
vinyl  ether;  tetrafluoroethylene  and  ethylene  oxide;  tetrafluoroethy- 
lene  and  trifluoroethyl  vinyl  ether.  Terpolymers  have  been  prepared 
from  trifluoroethyl  vinyl  ether,  ethylene  oxide  and  one  of  the  following: 
perfluoropropene,  vinylidene  fluoride,  1,4-dichlorotetrafluorobutadiene, 
l-chlor 0-2, 2-dif luoroethylene ,  tetreuf luor oethylene . 


WADC  TR  57-502  October  1957 

ASTIA  Document  No.  AD  142100 
OTS  Release 


SUBJECT:  SILICON-OXIGEN-TIN  POLYMERS 

INVESTIGATOR:  Joseph  F.  0*B  rien,  Capt 

ABSTRACT:  The  purpose  of  this  work  was  to  develop  a  method  for 

preparing  new  types  of  polymeric  materials  having  a  sillcon-oxygen-tln- 


oxygen  backbone.  It  was  found  that  polymers  of  this  structure  coid.d  bo 
prepared  by  (l)  the  reaction  of  dialkyltin  diacetates  with  dialkyl- 
diethoxysilanes ,  and  (2)  the  reaction  of  dialkyltin  dialkoxides  with 
dialkyldiacetoacysilanes.  Both  of  these  reactions  are  condensation 
reactions  in  which  a  polymer  is  fonned  upon  elimination  of  a  volatile 
acetate.  In  contrast  to  this  condensation  reaction,  both  dlallQrltln 
diacetatea  and  dialkyltin  dialkoxides  undergo  an  exchange  reaction 
with  dialkyldichlorosilanes.  Dialkyltin  dichlorldes  do  not  react  with 
either  dialky Idiacetoxysilanes  or  dialkyldialkoocysilanes. 
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WADC  TR  57-503 

ASTIA  Document  No.  AD  142101 
OTS  Release 


October  1957 


SUBJECT:  THE  CHEMICAL  REACTIONS  OF  SILICON  ISOCIANATES 

INVESTIGATOR:  Joseph  F.  O'Brien,  Capt. 

ABSTRACT:  The  purpose  of  this  research  was  to  examine  the  chemical 

properties  of  silicon  isocyanates  to  see  if  these  isocyanates  can  be  used 
as  moncmers  for  the  preparation  of  silicon-containing  polyurethane  resins. 

A  prototype  silicon  isocyanate,  trimethylsilylisocyanate,  was  reacted  with 
amines,  Grignard  reagents,  alcohols  and  glycols.  It  was  found  that  amines, 
Grignaid  reagents  and  alcohols  cleave  the  isocyanate  group  from  the  silicon 
atom  to  form  the  corresponding  alkyl  urea,  alkyl  amide  and  alkyl  biuret 
respectively.  The  glycols  do  not  cleave  the  isocyanate  group  from  the 
silicon,  but  add  to  trimethylsilylisocyeinate  to  form  the  corresponding  bis 
( trimethyls ilyl)  carbamate. 


WADC  TR  57-657  January  1958 

ASTIA  Document  No.  AD  142285 

SUBJECT:  CONFERENCE  ON  HIGH  TEMPERATURE  POLYMER  AND  FLUID  SYNTHESIS 

INVESTIGATOR:  Calvin  H.  Schmid,  Capt 

ABSTRACT:  This  report  has  been  prepared  to  make  available  all  the 

technical  papers  presented  at  the  conference  on  "High  Temperature  Polymer 
and  Fluid  Syntheses." 

The  purpose  of  the  conference  was  to  review  the  progress 
on  a  ccmprehensive  research  program  sponsored  by  the  Polymer  Section, 
Organic  Materials  Branch,  toward  the  development  of  new  polymeric  and 
fluid  materials  to  meet  the  high  performance  requirements  of  sdrcraft  of 
advanced  design,  and  to  familiarize  representatives  of  the  chemical 
industry  with  the  materials  problems  confronting  the  Air  Force. 


WADC  TR  57-764  February  1958 

ASTIA  Document  No.  150984 
OTS  Release 

SUBJECT:  FLUORINE  CONTAINING  CHELATE  COl'lPOUNDS 

INVESTIGATOR:  Glenn  R.  Buell,  l/Lt 

ABSTRACT:  The  purpose  of  this  work  w£is  to  study  the  feasibility  of 

prepjaring  liquid  chelate  ccmpounds.  The  thermal  stability  of  certain 
chelate  cQmpxsunds  led  to  their  study  as  possible  liquid  base  stock  materials. 
Several  fluorinated  diketones  were  chelated  with  metal  ions  and  their 
melting  points  studied  to  determine  the  effect  of  the  fluorine  on  the 
physical  properties  of  the  molecule.  Only  one  liquid  was  obtained  and  all 
ccmpounds  exMbited  high  vapor  pressures. 
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WADC  TR  58-3 

ASTIA  Document  No.  AD  U2296 
OTS  Release 


January  1958 


SUBJBCTt  SYNTHESIS  AND  CHARACTERIZATION  OF  NEW  VINYL  POLYMERS 

INVESTIGATOR*  Lester  E.  Coleman,  Jr.,  lAt 

William  S.  Durrell,  lAt 

ABSTRACT*  This  report  describes  research  to  determine  the  polTmer- 

Ization  characteristics  of  four  classes  of  experimental  monomers  and  a 
preliminary  evaluation  of  the  potential  of  the  resulting  polymeric  products 
as  thermally  stable,  solvent  resistant  plasties  and  elast oners. 

The  perfluoroalkyl  propenyl  ketones  were  found  to  copoly¬ 
merize  with  a  variety  of  ecsBonomers  such  as  vinyl  acetate,  styrene  and 
butadiene  to  give  products  ranging  from  ponders  to  elastomers. 

The  1-alkyl-l-hydroperfluoroalfcyl  acrylates  copolymerized 
readily  and  formed  tough  rubbery  hcmopolymers  which  exhibited  good  thermal 
stability  and  low  swell  in  dlester-type  lubricants. 

j(£gm,-Cinnamcyl  ferrocene  formed  copolymers  with  a  variety 
of  comonomers  but  low  ccaiversions ,  copolymers  or  copolymers  containing 
small  amounts  of  cinnamoyl  ferrocene  were  obtained. 

Reactivity  ratio  determinations  of  two  trifluoromethyl- 
substituted  styrenes  indicated  that  substitution  of  the  trifluoromethyl 
group  on  styrene  increased  its  polymerization  reactivity. 


WADC  TR  58-^  Pt  I  May  1958 

ASTIA  Document  No.  AD  151197 

arrojECTi  synthesis  op  tin-containing  polymers 

INVESTIGATOR*  Paul  E.  Koenig 

James  H.  Hutchinson 
CONTRACT*  AF  33(6l6)-3848 

CONTRACTOR:  Ethyl  Corporation 

ABSTRACT*  This  investigation  has  been  largely  directed  toiiard  the 

preparation  of  stannosiloxane  polymers,  \diose  structiire  may  be  represented 
as  follows* 
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Ihese  ecsnpounds  have  been  prepared  by  various  eonden- 
saticD  polymerizatloDS,  including  a  novel  reaction  between  silanediols 
and  organotln  oxides,  typified  by  the  following  example: 


jZf2Sl(0H)2  +  (CH3)2SnO 


+  H2O 


A  second  excellent  synthetic  method  involves  eohydrolysls 
of  mixtures  of  dichloros Hanes  and  organotln  dlhalidesj  this  method  is 
well*»sulted  to  the  preparation  of  polymers  containing  alkyl  groups  bound 
to  silicon. 


An  analogous  cohydrolysis  reaction  employing  different 
organotln  dlhalldes  but  no  silicon  compoimds  leads  to  formation  of  copo~ 
lymerlc  stannoxanes;  these  are  interesting  in  that  they  represent  the 
first  thermoplastic  metal-oxide  type  polymers  other  than  the  silicones* 

The  products  obtained  are  viscous  fluids  or  transparent 
glasses;  their  hydrolytic  and  thermal  stability  is  good*  Difficulty  has 
been  experienced  in  attempting  to  produce  hi^  polymers  over  the  compo¬ 
sition  range  examined;  the  molecular  weights  thus  far  observed  have  been 
of  the  order  of  1,-5,000,  and  some  properties  of  the  products  sure  thei^ 
fore  correspondingly  deficient.  Work  is  in  progress  to  obtain  higher 
molecular  weight  products,  vdiich  may  well  be  exceptionally  stable  and 
highly  useful  materials. 


WADC  TR  58-51  April  1958 

ASTIA  Document  No.  151177 


SUBJECT:  HIGH  POLIMERIC  MATERIALS 

INVESTIGATOR:  Carl  S.  Marvel 


Ludwig  F.  Audrieth 
John  C.  Bailar,  Jr* 

CONTRACT:  AF  33(6l6)-3772 

CONTRACTOR:  Itoivorslty  of  Illinois 

ABSTRACT:  The  purpose  of  the  work  reported  here  is  to  provide  basio 

information  concerning  new  types  of  polymeric  materials  which  will  be  more 
resistant  to  high  temperatures  than  are  known  polymeric  materials* 
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Tbe  types  of  materials  \Axleh  hare  been  investigated  aret 
polymers  vdiich  have  the  possibility  of  aroma,tization;  copolymers  of 
aromatic  zmelei  such  as  anthracene;  polymers  \Mcb  contain  metal  coordin¬ 
ation  centers  such  as  polyphthalooyanines,  poly-Schiff  base  chelates » 
polybasic  beryllium  carboxylates;  new  derivatives  of  i^O8|di0Qi trilie 
hydrosulfides;  new  polymers  derived  from  benzene  phosphonlc  amides; 
prAymers  containing  coordination  centers  derived  from  bis-phenolle  com¬ 
pounds* 


Many  new  polymeric  materials  are  described*  One  derived 
from  dimethyl < ,<*-^lifflethylenaplmelate  shows  some  possibilities  as  a  hlg^ 
temperature  resistant  replacement  of  polymethyl  methacrylate* 


RUBBER 


WADC  TR  52-197  Pt  VII  October  1957 

ASTIA  Document  No.  AD  U2027 

SUBJECT*  SYNTHETIC  RUBBERS  FROM  CARBON-FLUORINE  COMPOUNDS 

INVESTIGATOR*  Carl  A.  Dahlquist 

CONTRACT*  AF  33(038)-515 

CONTRACTOR:  Minnesota  idning  and  Manufactxuring  Company 

ABSTRACT*  Twenty  pounds  of  the  polymer  of  perfluoromethozy  1,1 

dihydroperfluoropropyl  aciylate  were  prepared  for  Wright  Air  Development 
Center* 


A  copolymer  of  3('^-chloroperfluoroethoi3qr)  1,1  dihydrop¬ 
erfluoropropyl  acrylate  and  its  -hydro  analog  has  shown  some  promise 
as  a  heat,  solvent,  and  low  temperature  resistant  rubber* 

Fluorine-containing  silanes  (B^E2CI^i(CH«)(0C2He)2) 
were  pol^erized  to  low  molecular  weight  oils  tprobawy  the  cyclic 
tetramer\  but  attempts  to  polymerize  the  oils  to  high  molectilar  weight 
polymers  did  not  succeed*  Rubbery  copolymers  of  each  of  these  silanes 
and  dimethyl  dichlorosilane  have  been  prepared,  but  no  useful  vulcanisates 
have  been  obtained*  Fluorine-containing  polysiloxane  oils  having 
-3l(CH^)^  end  groups  have  been  prepared* 
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WADC  TR  52-197  Pt  VIII 
ASTIA  Document  No.  AD  1421M 


November  1957 


SUBJECT* 

INVESTIGATOR* 

CONTRACT* 

CONTRACTOR* 

ABSTRACT* 


SYNTHETIC  RUBBERS  FROM  CARBON-FLUORINE  COMPOUNDS 
Carl  L.  Sandberg 
AF  33(038)-515 

Minnesota  Mining  and  Manufacturing  Conpany 

Further  evaluation  of  3('"-chloroperfluoroethoxy)-l,l- 


dlhydroperfluoropropyl  aciylate  has  shovn  It  to  be  comparable  to  other 
perfluoro  alkozy  acrylates  in  low  temperature  properties  and  resistance 
to  aromatic  solvents  and  hot  air  aging,  but  some\diat  poorer  in  resistance 
to  oxygenated  solvents  and  to  dlester  lubricants. 


Attempts  to  hcmopolymerize  1,2-epoxyperfluorobeptane  with 
peroxide  catalysts  or  with  a  ferric  chloride* propylene  aside  catalyst 
have  given  mainly  reaction  products  and  little  evidence  of  polymerization. 
Attempts  to  copolymerize  1,2-epoxyperfluoroheptane  with  propylene  oxide, 
using  a  ferric  chloride* propylene  oxide  catalyst,  have  given  viscous 
liquid  products  which  may  be  copolymers. 


Ejqiloratory  copolymerizations  of  perfluoro-2-azapropene 
with  vinyl-type  monomers  have  given  products  containing  small  amounts 
of  the  azapropene. 


WADC  TR  55-58  Pt  III  Juno  1957 

ASTIA  Document  No.  AD  130803 


SUBJECT*  A  STUDY  OF  THE  EFFECTS  OF  NUCLEAR  RADIATION  ON 

ELASTOMERIC  COMPOUNDS  AND  COMPOUNDING  MATERIALS 
INVESTIGATOR*  John  W.  Bom 

Dwaln  E.  Dlller 


Eugene  H.  Roi^e 

CONTRACT*  AF  33(6l6)-2308 

CONTRACTOR*  The  B.  F.  Goodrich  Company  Research  Center 

ABSTRACT*  The  effort  to  define,  understand,  and  prevent  radiation 

damage  to  rubber  continued  during  1956.  Research  followed  four  main 
lines*  the  development  of  Anti-Rads  to  prevent  radiation  damage;  infrared 
and  mass  spectral  analyses  to  relate  radiation  stability  to  molecular 
structures  of  elastomers;  stress  relaxation  studies  to  define  the  mechanisms 
of  radiation  damage;  and  measurements  of  dynamic  mechanical  properties  of 
representative  rubber  compounds  after  irradiation.  Eknphasls  upon  applied 
testing  of  end-item  materials  Increased. 


The  best  Anti-Rad  extended  the  retention  of  tensile  strength 
and  ultimate  elongation  by  natural  rubber  tread  stock  more  than  tenfold. 
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The  screening  study  Is  providing  criteria  for  the  selection  of  superior 
Anti-Hads*  A  new  technique  of  mass  spectral  analysis  promises  to  aid 
greatly  in  deteznninlng  what  molecular  structural  features  impart  radiation 
stability.  Stress  relaxation  measurements  detail  the  Important  role  of 
oxygen  in  radiation  damage.  I^amic  test  data  are  given  for  eight  repre^ 
sentative  rubber  compounds* 


WADC  TR  55-492  Pt  II  October  1957 

ASTIA  Document  No.  AD  142024 


SDBJTOTl  DEVELOPMENT  AND  PHISICAL  TESTING  OF  ELASTOMERIC 

COMPOUNDS  RESISTANT  TO  PETROLEUM  BASE  FUELS  AT  ELEVATED 
TEMPERATURES 

INVESTIGATOR:  Loren  C.  Smith  Wayne  G.  Lajlness 

Theodore  L.  Eriksson  Brock  G.  Peacock 


CONTRACT:  AP  33(6l6)-2779 

CONTRACTOR:  Wyandotte  Chemicals  Corporatlcoi 

ABSTRACT:  This  report  describes  continued  research  directed  toward 

the  development  of  rubber  compounds  resistant  to  various  petroleum  base 

fuels  for  long  exposures  (500  hours)  at  elevated  temperatures  (up  to 
400«F.). 


The  test  tube  portion  of  the  Type  I  Tester  was  redesigned 
and  this  tester  was  used  to  evaluate  several  candidate  elastomers  in  the 
presence  of  test  petroleum  base  fuels  under  simulated  use  conditions  of 
elevated  temperatxire  and  positive  pressure* 

The  fabrication  and  construction  of  various  parts  of  the 
multisample  tester  (Type  II)  was  completed  and  its  assembly  initiated* 

New  selected  candidate  elastomers  of  the  perfluorinated 
typo  were  screened. 

Compound  and  curing  studies  with  the  Kel-F  elastomers 
were  initiated  and  are  continuing* 


WADC  TR  55-492  Pt  III  February  1958 

ASTIA  Document  No.  150978 

SUBJECT:  DEVELOPMENT  AND  PHYSICAL  TESTING  OF  ELASTOMERIC 

COMPOUNDS  RESISTANT  TO  PETROLEUM  BASE  FUELS  AT  ELEVATED 
TEMPERATURES 

INVESTIGATOR:  Raymond  G.  Spain  Eva  Deck 

Wayne  G.  Lajlness  Arnold  L.  McMaater 
CONTRACT:  AF  33(6l6)-2779 
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CONTRACTOR  t  Vsrandotte  Chemicals  Corporatioa 

ABSTRACT!  This  report  describes  continued  research  toward  the 

development  of  elastomeric  compounds  resistant  to  petroleum  base  fuels 
at  temperatures  up  to  for  periods  up  to  500  hours. 

Candidate  elastomer  ccmipounds  were  screened  using  conven¬ 
tional  fuel  aging  techniques.  On  the  basis  of  these  screening  tests , 
compounds  of  Interest  were  further  tested  under  conditions  of  simulated 
use  using  the  interim  Type  I  Tester. 

The  multiple  sample  Type  II  Tester  was  completed  during 
this  report  period. 

The  design  and  the  major  portion  of  assembly  was  completed 
for  the  Micro  Tester  \diich  permits  testing  under  more  severe  conditions 
than  the  two  previous  testers. 

Aging  studies  were  concentrated  on  compounds  based  on 
fluorinated  elastomers. 


WADC  TR  56-155  Pt  II  September  1957 

ASTIA  Document  No.  AD  131091 
OTS  Release 


SnBJBCIl  HIGH  TEMPERATURE  RESISTANT  SEALANT  MATERIALS 

INVESTIGATOR:  Leonard  C.  Boiler  Arthur  Milner 

Gene  M.  LeFave  John  H.  Bnl^ 

Edward  O’Brien 

CONTRACT:  AF  33(6l6)-2767 

CONTRACTOR:  Coast  Pro-Seal  and  Manufacturing  Company 

ABSTRACT:  This  project  was  undertaken  by  the  Coast  Pro-Seal  and 

Manufacturing  Company  originally  to  develop  fuel  tasik  sealant  compounds 
capable  of  withstanding  fuel  vapor  temperatures  of  540‘^F  and  liquid 
fuel  temperatures  of  380'^F  for  a  limited  period  of  time.  These  require¬ 
ments  have  been  essentially  fulfilled  and  the  results  have  been  presented 
in  WADC  Technical  Report  No.  56-155. 


ttader  an  extension  of  the  above  contract,  No.  SI  (56-773) 
covered  in  this  report,  the  previous  temperature  requirements  were  made 
inapplicable  and  a  hi^er  temperature  (700°F)  has  been  substituted  for  the 
380° F  and  540^F  temperatures. 


While  the  700®F  requirement  was  not  attained,  a  substantial 
increase  has  been  accomplished.  A  foimiula  was  developed  for  a  sealant 
compound  \Aich  was  unaffected  by  JP-5  jet  fuel  in  the  600°F  to  625^F  range. 
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It  retained  flexLbLllty  and  adhesion  and  withstood  proof  testing  tinder 
flexing  and  pressure  in  the  temperature  range  indicated*  It  is  clear 
from  the  test  data  that  operation  in  the  presence  of  fuel  vapor  is 
possible  in  the  neighborhood  of  650**F« 

A  thorough  formulation  study  was  made  of  the  butadiene-* 
aorylonltrlle  rubber  and  phenolic  resin  system  in  order  to  develop  the 
optimum  thermal  stability  potential*  The  effect  of  added  antioxidants, 
leafing  pigments,  plasticizers  and  certain  other  materials  was  determined* 

Several  other  coating  systems  were  briefly  evaluated, 
such  as  the  liquid  polybutadiene  modifications* 


HIDC  TR  56-272  Pt  II  September  1957 

ASTU  Document  No.  AD  131094 
OTS  Release 

SUBJECT!  DESIGN  DATA  FOR  O-RINGS  AND  SIMILAR  ELASTIC  SEALS 

INVESTIGATOR:  George  E.  Trepus 

CONTRACT;  AF  33(6l6)-2867 

CONTRACTOR:  Boeing  Airplane  Company 

ABSITULCTi  This  study  is  to  gain  knowledge  of  the  relationship 

between  the  jdiysical  properties  of  seal  materials  and  sealing  efficiency 
80  that  materials  may  be  fully  utilized  in  seal  design*  The  literature 
survey  on  O-rings  and  seal  design  has  been  continued.  Commercially 
available  polymers  have  been  compounded  with  various  physical  properties* 
Static  annulus  (with  varying  groove  configuration),  rotating  shaft,  and 
reciprocating  shaft  functional  test  Jigs  have  been  designed  and  manufactuired* 
Seal  tests,  under  various  environmental  and  mechanical  conditions,  have 
been  run  in  these  Jigs* 

No  definite  relationship  between  physical  properties  and 
seal  efficiency  was  found*  A  general  relationship,  however,  was  evident 
between  seal  life,  and  compression  modulus  and  compression  relaxation. 


WADC  TR  56-272  Pt  III  April  1958 

ASTIA  Document  No.  151181 
OTS  Release 

SUBJECT:  DESIGN  DATA  FOR  O-RINGS  AND  SIMILAR  ELASTIC  SEALS 

INVESTIGATOR:  Frank  W.  Tipton  Ethel  L.  Schiavon 

George  E.  Trepus  Chester  J.  Dezeih 

James  J.  Hill 

CONTRACT:  AF  33(6l6)-2867 

CINITRACTOR:  Boeing  Airplane  Company 
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ABSTRACT:  This  is  a  continuation  of  a  study  to  gain  knowledge  of 

design  data  for  Curings  and  similar  elastomeric  seals.  The  literatvire 
survey  on  0-rings  and  seal  design  has  been  continued  and  enlarged  to 
include  the  effects  of  irradiation  and  extreme  low  temperature  on  seal 
design.  Low  temperature  tests,  relaxation  and  volume  change  tests, 
screening  tests,  and  functional  tests  have  been  conducted.  The  fxmc- 
tional  tests  include  pulsed  annulxis  tests  with  various  groove  configu¬ 
rations  and  reciprocating  shaft  tests  with  and  without  different  types 
of  back-ups  at  room  temperature  and  at  elevated  temperatures. 

No  overall  relationship  between  physical  property  values 
and  seal  efficiency  has  been  found.  It  has  been  noted,  however,  that 
certain  physical  properties  appear  to  be  important  to  seal  life  for 
specific  seal  conditions. 


WADC  TR  56-331  Pt  II  February  1958 

ASTIA  Document  No.  AD  151003 
OTS  Release 


INVESTIGATOR: 

CONTRACT: 

CONTRACTOR: 

ABSTRACT: 


SUBJECT:  DEVELOPMENT  OF  HIGH  TEMPERATURE  RESISTANT  RUBBER 

COMPOUNDS 

Robert  A,  Hayes  Ward  A.  Smith 
Floyd  M.  Smith  Leland  J.  Kitchen 
AF  33(616)-3953 

The  Firestone  Tire  &  Rubber  Company 
Elastomers  of  potential  interest  for  high-temperature 
aircraft  tires  —  including  butyl,  silicone  rubber,  "heat-stable"  poly¬ 
urethane,  and  Viton  A  —  were  studied  to  determine  tensile,  wire-cord 
adhesion,  and  air-permeability  properties  at  temperatures  ranging  up  to 
400®  or  500‘’F,  and  properties  of  interest  in  tire  development,  such  as 
internal  friction  and  running  temperature.  Most  promising  wire  auihesions 
were  obtained  with  silicone  rubber,  which  retained  63%  of  the  75*-F 
adhesive  strength  at  450^F,  compared  with  956  Hevea,  Silicone  rubber 
is  the  most  highly  permeable  to  air;  Thiokol  ST,  Vyram  and  butyl  have  the 
lowest  air  permeabilities.  Nitrogen  appears  to  be  the  most  promising  of 
the  unreactive  gases  to  use  for  inflation  of  high-temperature  tires. 


Type  of  sulfur  crosslink  (mono-,  di-,  or  tetrasulfide) 
had  little  effect  on  high-temperature  properties  of  Hevea.  Gamma-irrad¬ 
iation  of  vulcanized  Hevea  improved  the  high-temperature  tensile  strength, 
Balata  had  lower  tensile  strength  than  Hevea  over  the  entire  range  of 
73*^F  -  400^F,  Vyram  N-77CXD  was  about  equivalent  to  Vyram  B-5400, 
Polyether-type  polyurethane  had  400 ®-F  tensile  strength  of  60  pel  vs, 

515  for  the  "heat-stable"  polyester  type.  Teflon  resin  had  a  tensile 
strength  of  3825  pei  at  73^F  and  980  psi  at  600®F. 
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Studies  on  effects  of  a  4-hour  heat-aging  at  400  F'^upon 
burst  pressures  of  a  nylon  aircraft  tire  and  of  a  wire  tire  are  described. 
It  is  concluded  that  a  400^-F  tire  will  require  wire  tirecord  in  place 
of  organic  fabrics  tised  in  present  tiros* 

A  prototype  aircraft  tire  successfully  was  constructed 
from  silicone  rubber  and  steel  wire  tirecord.  Coating  the  wire  tirecord 
and  the  bead  ^^ire  with  a  thin  layer  of  partially  cured  silicone  rubber 
facilitated  fabrication  of  the  beads  and  plies. 

Experimental  butadiene  and  acrylic  polymers  containing 
functional  groups  were  prepared  and  their  high-temperature  projJerties 
were  determined.  Carboxyl  as  the  functional  group  gave  better  resiilts 
than  hydroxyl  or  epoxy.  Best  properties  at  400^F  resulted  from  using  a 
metal  oxide  —  particuleurly  magnesium  oxide  or  cadmium  oxide  —  with 
epoxy  resin  to  cure  the  carboxy  polymers,  enabling  400'^-F  tensile  strengths 
as  high  as  1400  psi  to  be  obtained. 

The  advantages  of  the  metal  oxide  cure  were  obtained  with 
methacry]ate  nibber  (copolymer  of  butadiene  and  methyl  methacrylate)  by 
curing  with  barium  hydroxide  octahydrate,  which  gave  tensile  strengths 
of  4025  psi  at  73^F  and  960  psi  at  400°F  \dien  used  in  combination  with 
bis(^j<-dimethylbenzyl)  peroxide.  In  this  manner  the  advantageous  high- 
temperature  properties  of  the  metal  oxide  cure  were  realized  with  Improved 
processability  compared  with  the  carboxy  polymers. 

It  was  found  that  butadiene  copolymers  can  be  vulcanized 
by  heat  alone  at  500“F,  a  (21-S  -  carbon  black  mix  giving  a  tensile  of 
2450  psi;  but  this  crosslinking  coxild  only  partially  be  inhibited. 
Salicylate  esters  were  the  most  effective  inhibitors. 


WADC  TR  57-247  July  1957 

ASTI A  Document  No.  AD  130899 
OTS  Release 

SDBJECTj  the  MICRO-COMPOUNDING  AND  EVALUATION  OF  RUBBER-LIKE 

POLYMERS 

INVESTIGATOR:  E.  G.  Schwarz,  Lt 

ABSTRACT:  A  mlcro-ccmipounding  technique  has  been  developed  to  process 

the  '•research  sized”  samples  resulting  from  Air  Force  and  Industrial 
polymer  development  programs. 

Seeded  down  equipment  and  testing  procedures  have  also 
been  developed  successfully  to  evaluate  the  small  gram-size  samples  of 
vulcanized  elastomers.  Much  of  the  insight  to  compounding  and  vulcanizing 
these  experimental  polymers  is  based  upon  the  chemistry  of  the  system, 
supplemented  by  experience  and  common  sense. 
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Using  the  technique  described  in  this  r  eport,  experimental 
polymers  can  be  evaluated  and  the  decision  made  to  reject  or  further 
develop  the  polymer  system  -with  good  assurance  that  a  promising  polymer 
has  not  been  cast  aside  and  that  further  effort  on  others  is  justified* 

WADC  TR  57-346  November  1957 

ASm  Document  No.  AD  142156 

SUBJECT:  THE  DEVELOPMENT  OF  A  HOSE  AND  HOSE  END  FITTING  FOR 

POLY  FBA  SYNTHETIC  RUBBER 
INVESTIGATOR:  John  P.  Thomas 

CONTRACT :  AF  33(600 )-29001 

CONTRACTOR;  Flexonics  Corporation 

ABSTRACT:  Poly  FIA  can  be  processed  with  conventional  rubber  equip¬ 

ment  modified  to  suit  its  peculieir  properties  in  processing. 

Poly  FBA  is  limited  in  its  use  as  a  hose  material  to  lip 
seal  fittings,  because  of  its  cold  flow  properties  even  at  temperatures 
of  300‘’f. 


WADC  TR  57-364  October  1957 

ASTIA  Document  No.  AD  142051 

SUBJECT:  RESEARCH  ON  MATERIALS  SUITABLE  FOR  FAMICATION  INTO 

V51R  DESIGN  EAR  PLUGS 
INVESTIGATOR:  Edgar  A.  Verchot 

Arthur  E.  Raeuber 
CONTRACT:  AF  33(6l6)-3488 

CONTRACTOR;  Southern  Research  Institute 

ABSTRACT:  This  report  describes  research  and  development  work  directed 

toward  finding  an  acceptable  formulation  for  V51R  design  ear  plugs  and 
toward  setting  up  test  methods  so  that  future  lots  of  purchased  ear  plugs 
will  equal  the  acceptable  formulation. 

A  test  procedure  to  measure  the  collapsibility  of  a  medium- 
size  ear  plug  has  been  developed,  Collapsibility  measurements  were  used 
todsfine  the  properties  of  ear  plugs  acceptable  to  those  experienced  in 
the  art  of  using  and  fitting  ear  plugs  to  military  personnel. 

The  ear  plug  formulations  studied  were  also  evaluated 
with  respect  to  tensile  strength,  resistance  to  low  temperatures,  resis¬ 
tance  to  lanolin  and  to  detergents,  color,  surface  finish,  and  resistance 

to  accelerated  aging. 
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Three  ear  plug  formulations  were  selected  as  being  the 
most  acceptable  according  to  the  results  of  the  tests  made.  The  properties 
of  these  formulations  have  been  used  as  the  basis  for  suggested  changes 
in  the  specifications  given  in  Military  Medical  Purchase  Description 
Humber  4|  dated  16  August  1954. 

It  is  recommended  that  ear  plugs  based  on  these  formula¬ 
tions  be  manufactured  cuid  tested  in  field  use  before  further  minor  adjust¬ 
ments  in  formulation  are  attempted. 


HADC  TR  57-553  January  1958 

ASTU  Document  No.  AD  142281 


SUBJECT*  DEVELOPMENT  OF  REFUELING  HOSE  &  COUPLINGS 

INVESTIGATOR*  Stanley  L.  Bertholf 
Leonard  Castelbaum 
Dante  E.  Piccoli 


CONTRACT*  AF  33(600)-27745 

CONTRACTOR*  United  States  Rubber  Company 

ABSTRACT*  Development  of  two  basic  types  of  3"  I.D.  inflight 

refueling  hose,  wire  woven  type  and  wire  braided  type,  along  with  suitable 
end  fittings  was  the  object  of  this  development  contract.  All  work 
pertaining  to  hose  was  performed  by  United  States  Rubber  Company,  at 
Passaic,  New  Jersey.  Coupling  design  work  was  performed  by  The  Weather- 
head  Company  of  Cleveland,  Ohio,  and  the  Flex-O-Tube  Division  of  Flexonlcs, 
Inc.,  of  Detroit,  Michigan. 


Three  different  constructions  of  wire  braid  hose  were 
developed.  The  wire  woven  type  hose  was  eliminated  because  this  type  of 
hose  exhibited  excessive  elongation  under  load.  A  total  of  35  lengths 
of  wire  braided  hose  assemblies  coupled  with  swaged  fittings  were  furnished 
under  the  contract. 


WADC  TR  57-651  December  1957 

ASTIA  Document  No.  AD  142205 


SUBJECT* 

INVESTIGATOR* 

CONTRACT* 

CONTRACTOR* 

ABSTRACT* 


DEVELOPMENT  OF  RUBBERHKE  MATERIALS  FOR  APPLICATIONS 
INVOLVING  CONTACT  WITH  LIQUID  ROCKET  PROPELLANTS 
John  H.  Baldrlge 
AF  33(616)-3951 

The  Connecticut  Hard  Rubber  Company 

A  survey  of  available  knowledge  concerning  the  resistence 


of  elastomers  and  plastics  to  a  nvanber  of  propellants  has  been  prepared 
and  will  appear  as  WADC  TR57-472. 
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KLastooieric  materials  shoidng  satisfactory  resistance 
diuring  an  immersion  period  of  seven  days  at  l6o‘^F»  have  been  developed 
for  the  following  propellants;  unsymmetrical  dimethyl  hydrazine,  ethylene 
oxide,  n>propyl  nitrate,  and  anhydrous  ammonia*  Compounds  were  tested 
which  were  resistant  to  90  percent  hydrogen  peroxide  at  room  temperature* 

No  elastomeric  materials  were  found  with  satisfactory 
room  temperature  resistance  to  inhibited  red  fuming  nitric  acid  or  to 
JP-X  fuel  mixture* 


WADC  TR  58-18  May  1958 

ASTIA  Document  No*  AD  151196 

SUBJECT:  INVESTIGATION  OF  OIL  AGING  PROCEDURES  FOR  ELASTOMERIC 

MATERIALS 
INVESTIGATOR:  K*  Murray 

ABSTRACT:  Several  oil  aging  procedvires  utilizing  various  venting 

methods,  and  an  oven  or  an  alviminum  block  heater  as  heat  sources,  were 
compared  to  determine  the  most  suitable,  reproducible  test  procediure 
for  evaluating  potential  oil-resistant  elastomers  at  elevated  temperatures* 

The  '*chimneyed-stoppered-tube  method"  as  described  in  this 
report  provides  for  better  reproducible  results,  and  a  better,  more 
reliable  evaluation  of  potentisd.  oil-resistant  elastomers  at  elevated 
temperatures* 


WADC  TR  58-19  February  1958 

ASTIA  Document  No,  AD  150983 
OTS  Release 

SUBJECT:  AN  EVALUATION  OF  FLUORO-RUBBER  2F4 

INVESTIGATOR:  Roger  E.  Headrick 

ABSTRACT:  Huoro-Rubber  2F4  was  developed  by  the  Minnesota  Mining 

and  Manufacturing  Company  under  Air  Force  Contract  AF  33(038)515  to 
overcome  the  low  temperature  limitations  of  its  precursor  Fluoro-Rubber 
1F4  (poly  FBA). 


This  elastomer  has  a  30^  to  40'’f*  improvement  in  low 
temperature  properties  (-35°F*  Brittle  Point)  over  Fluoro-Rubber  1F4 
and  has  excellent  resistance  to  Jet  fuels,  lubricants  and  solvents  and 
has  a  fair  retention  of  physical  properties  after  aging  at  elevated 
temperatures* 
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WADC  TR  52-184  Sup  5 
ASTIA  Document  No.  AD  142102 


October  1957 


SUBJECT*  SUMMARY  OF  RESEARCH  BY  FOREST  PRODUCTS  LABORATORY  ON 

SANDWICH  CONSTRUCTIONS  FOR  AIRCRAFT 
INVESTIGATOR;  Donald  G.  Coleman 

CONTRACT*  AF  33(6l6)-56-9 

CONTRACTOR*  Forest  Products  Laboratory 

ABSTRACT*  Developments  In  the  program  of  research  in  sandwich 

construction  for  aircraft  conducted  by  the  U.  S.  Forest  Products  Labo¬ 
ratory  during  fiscal  year  1957  are  summarized.  The  approach  has  been 
in  general  to  derive  design  criteria  mathematically  and  then  to  check 
by  test.  Seven  technical  reports  issued  during  the  fiscal  year  are  ab¬ 
stracted. 


WADC  TR  55-417  Pt  II  October  1957 

ASTIA  Document  No.  AD  142052 

SUBJECT*  PERFORMANCE  OF  STAINLESS  STEEL  SANDWICH  CONSTRUCTION  AT 

HIGH  TEMPERATURES 
INVESTIGATOR*  E.  W.  Kuenzi 

W.  E.  Jahnke 

CONTRACT:  DO  33(616)56-9 

CONTRACTOR*  Forest  Products  Laboratory 

ABSTRACT*  This  report  presents  the  results  of  test  to  determine 

structural  performance  of  sandwich  comprised  of  facings  of  stainless 
steel  or  titanium  bonded  to  stainless  steel  honeycomb  cores  with  heat- 
resistant^  eposy— phenol  adhesive.  Perfomance  was  determined  at  75 
300“,  and  600'^F.  and  after  exposure  at  300'^F.  for  100  and  500  hours. 
Included  are  results  of  a  small-scale  investigation  of  the  effect  of  two 
methods  of  preparing  facings  for  bonding  and  the  effect  of  bonding  with 
two  adhesive  layers  instead  of  the  usual  single  layer. 


WADC  TR  57-609  May  1958 

ASTIA  Document  No.  AD  155579 
OTS  Release 

SUBJECT*  STRENGTH  AND  ELECTRICAL  TRANSMISSION  OF  THREE  TYPES  OF 

REPAIRS  TO  SANDWICH  CONSTRUCTION  FOR  RADOMES 
INVESTIGATOR*  Bruce  G.  Heebink 
V.  P.  Miniutti 
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CONTRACT:  DO  33(616)56-9 

CONTRACTOR:  Forest  Products  Laboratory 

ABSTRACT:  The  purpose  of  this  technical  report  was  to  evaluate 

three  methods  for  repairing  damage  to  a  typical  radome  sandwich  construc¬ 
tion.  Six  similarly  damaged  panels  were  chosen,  and  WADC  sent  three  to 
Tinker  Air  Force  Base  and  three  to  the  Forest  Products  Laboratory  for 
repair.  The  repair  procedures  at  Tinker  Air  Force  Base  were  similar  to 
those  used  at  the  Laboratory. 

The  repaired  panels  were  tested  for  electrical  transmis¬ 
sion  by  WADC  and  for  strength  at  the  Laboratory. 

Tests  were  made  to  determine  edgewise  tensile,  edgewise 
compressive,  and  flatwise  tensile  streng^th  of  the  repaired  and  undamaged 
sections  of  the  panels.  One  panel  in  each  set  could  not  be  tested  because 
it  blistered  while  the  resin  was  being  oven  cured. 

Results  showed,  except  for  edgewise  compressive  strength 
of  scarf- jointed  repairs,  that  repair  efficiency  was  highest  when  ‘only 
one  facing  was  repaired,  and  that  no  one  method  was  superior  for  both  one- 
and  two-facing  repairs.  However,  because  (a)  results  from  the  limited 
number  of  strength  tests  varied  considerably,  (b)  the  two  repairing 
facilities  used  different  repair  resins,  and  (c)  only  one  of  the  three 
repair  methods  was  duplicated,  valid  conclusions  regarding  the  repair 
efficiency  of  the  three  methods  and  a  comparison  of  the  repair  effic¬ 
iencies  obtained  by  the  two  facilities  cannot  be  made.  The  results  of 
electrical  transmission  tests  on  two  of  the  repair  methods  show  that  the 
methods  are  electrically  suitable  for  general  radome  repair. 


WADC  TR  58-76 

ASTIA  Document  No.  AD  151085 


March  1958 


SUBJECT:  FLEXURE  AND  TORSION  OF  COMPOSITE  CYLINDERS 

INVESTIGATOR:  W.  S.  Erickaen 

CONTRACTOR:  Air  Force  Institute  of  Technology 

ABSTRACT:  A  solution  to  the  problem  of  determining  the  compcaents 

of  stress  and  displacement  in  composite  cylinders  supported  as  cantilever 
beams  and  subjected  to  flexural  and  torsional  loads  is  given  in  this  report 
The  type  of  cylinder  considered  is  that  composed  of  three  circular,  co¬ 
axial,  layers  of  different  materials  that  are  bonded  at  their  junctures* 

Two  main  cases  are  considered;  one  in  which  the  material  in  the  center 
layer  is  cyllndrically  aeolotropic,  the  other  in  \dilch  it  is  isotropic* 

Ihe  material  in  the  inner  and  outer  layers  is  assumed  to  be  isotropic* 

By  taking  the  thickness  of  one  of  the  layers  equal  to  zero,  the  results 
are  applicable  to  a  two-layer  cylinder  and,  by  making  the  inner  radius 
zero,  they  are  applicable  to  a  solid  cylinder* 
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HADC  TR  56-607  June  1957 

ASTU  Document  No.  AD  130848 

SUBJECT*  SURVEY  TO  DETERMINE  THE  AIR  FORCE  RESEARCH  AND  DEVELOPMENT 

NEEDS  IN  THE  FIELD  OF  NONDESTRUCTIVE  TESTING 
INVESTIGATOR*  S.  A.  Venk 

A.  J.  Sohvarber,  Jr* 

R.  R.  Shovalter 
CONTRACT*  AF  33(6l6)-3475 

CONTRACTOR*  Battelle  Memorial  Institute 

ABSTRACT*  The  increasing  complexity  of  air  weapons  systems  has 

resulted  in  increased  dependence  (»  nondestructive  testing  as  a  means 
of  assuring  the  conformance  of  aircraft  materials  and  components  to 
design  criteria*  This  survey  reviews  the  problems  Inherent  in  existing 
nondestructive  testing  methods ^  as  well  as  those  Inspectlm  problems  for 
^Mch  no  present  nondestmictlve  test  is  adequate*  In  addition,  the 
shortage  of  skilled  personnel,  and  the  necessity  of  establishing  training 
programs,  is  cited* 

Specific  problems  \diich  require  a  research  and  development 
effort  asre  enumerated  and,  where  applicable,  recommendations  for  action 
have  been  made,  based  on  Air  Force  need  and  chances  for  technological 
success* 


WADC  TR  57-268  October  1957 

ASTIA  Document  No.  AD  142034 
OTS  Release 


SUBJECT*  RESEARCH  AND  DEVELOPMENT  LEADING  TO  THE  ESTABLISHMENT  OF 

ULTRASONIC  TEST  STANDARDS  FOR  AIRCRAFT  MATERIALS 
INVESTIGATOR;  A.  D.  Guinn  J.  C.  Folz 

R.  D.  McKown  W.  C.  Hitt 


CONTRACT*  AF33(6l6)-3363 

CONTRACTOR;  Ultrasonic  Testing  &  Research  Laboratory 

ABSTRACT;  Veiy  little  information  has  been  avadlable  for  use  by 

engineering  personnel  interested  in  setting  up  ultrasonic  inspection  and 
testing  reference  standards  for  use  in  determining  the  acceptability  of 
aircraft  materials*  Since  the  ultrasonic  method  of  inspection  and  testing 
of  aircraft  materials  is  now  widely  employed,  a  very  definite  need  exists 
for  test  standards  for  use  in  determining  the  acceptability  of  aircraft 
materials  undergoing  this  method  of  inspection  and  testing.  While  this 
research  program  was  somewhat  limited  in  its  scope,  it  is  believed  that 
the  data  collected  will  provide  the  basis  for  the  establishment  of  ultra^- 
sooic  test  standards  for  the  edrcraft  materials  studied* 


WADC  TR  53-373  Sup  5 


176 


WADC  TR  58-35  May  1958 

ASTIA  Document  No.  AD  155558 
OTS  Release 

SUBJEGTl  EARLY  DETECTION  OF  FATIGUE  IN  ALUMINUM  ALLOYS  BY 

ULTRASONICS 
INVESTIGATOR;  Bari  Sittel 

Marvin  Herman 

Robert  C.  Good,  Jr. 

CONTRACT;  AF  33(6l6)-3930 

CONTRACTOR;  The  Franklin  Institute 

ABSTRACT;  The  literature  concerning  ultrasonic  wave  propagation  and 

fatigue-induced  damage  in  aluminum  has  been  surveyed  to  determine  the 
possible  interactions.  The  causes  of  wave  attenuation  have  been  compared 
with  the  fatigue  effects  in  metals  predicted  by  various  theories  to 
determine  the  experimental  conditions  that  would  maximize  the  measurements 
of  those  effects.  Psurticular  attention  is  paid  to  the  dislocations 
present  in  metals  because  they  form  and  move  throughout  the  fatigue 
life  of  a  sample.  The  problem  at  hand  is  the  detection  of  incipient 
fatigue  which  implies  early  detection  and  measvirement. 

The  experimental  work  has  included  the  design  and  construc¬ 
tion  of  a  resonant  type  fatiguing  machine  and  an  electro-acoustic  driving 
system  for  ultrasonic  waves.  Enough  tests  were  made  to  show  the  opera¬ 
bility  of  the  individual  parts  of  the  system,  but  insufficient  time  was 
available  after  the  literature  sesurch  to  record  full-scale  tests.  The 
specimen  shape  to  be  recommended  for  further  tests  is  a  torsion  bar  with 
the  ultrasonic  waves  propagated  along  its  axis. 


TEXTILES 


WADC  TR  56-576  September  1957 

ASTIA  Document  No.  AD  131055 
OTS  Release 

SUBJECT;  DEVELOPMENT  OF  DESIGN  DATA  ON  THE  MECHANICS  OF  AIR 

FLOW  THROUGH  PARACHUTE  FABRICS 
INVESTIGATOR;  William  G.  Klein 

Charles  A.  Lermond 
Milton  M.  Platt 
CONTRACT;  AF  33(6l6)-2977 

CONTRACTOR;  Fabric  Research  Laboratories,  Inc. 
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ABSTRACT:  The  purposes  of  this  report  are  two:  1)  A  determination 

of  the  factors  involved  in  parachute  fabric  permeability  and  the  quanti¬ 
tative  prediction  of  their  influence  with  a  view  to  rational  engineering 
design  of  such  materials;  and,  2)  An  assay  of  a  representative  selection 
of  commercially  produced  parachute  fabrics  (Type  I  and  Type  II)  to 
determine  the  degree  to  which  they  meet  current  permeability  specifications 
and,  where  such  requirements  are  not  met,  the  reasons  therefore* 

The  theoretical  investigation  of  the  mechanics  of 
airflow  is  prosecuted  as  follows: 

a)  A  classical  fluid  flow  relation  is  restated  in 
terms  of  fabric  parameters. 

B)  a  number  of  experimental  and  theoretical  relation¬ 
ships  are  formulated, 

C)  The  various  relationships  are  combined  to  give  the 
necessary  information  for  checking  the  validity 

of  the  theoretical  approach  and  assumption  made. 

The  results  of  the  various  aneO-yses  support  to  a  large 
extent  the  approach  and  mechanism  of  solution,  but  the  work  to  date  has 
been  analytic  only.  The  problem  of  synthesis  can  be  rationally  attacked 
only  after  the  compilation  of  more  information  on  the  biaxial  deformation 
of  fabric  structures. 

The  commercially  produced  fabrics  showed  a  wide  variation 
in  permeability.  Only  60^  of  the  Type  I  and  47^  of  the  Type  II  fabrics 
met  the  pemeability  specification  of  MIL-C-7020  A  under  which  they  were 
manufactured.  In  all  cases  the  reasons  for  the  deviations  were  explain¬ 
able  on  the  basis  of  yarn  diameters  and  picks  and  ends. 


WADG  TR  57-157  December  1957 

ASTI A  Document  No.  AD  142261 
OTS  Release 


SUBJT5CT:  AERODYNAMIC  HEATING  OF  PARACHUTES 

INVESTIGATOR:  A.  L.  Ruoff 

S.  W.  Liu 
F.  Frank 


CONTRACT:  AF  33(6l6)-3572 

CONTRACTOR:  Cornell  University 

ABSTRACT:  Heating  rates  for  a  parachute  employed  at  varying  Mach 

numbers  (2-5)  and  altitudes  (sea  level  to  100,000  feet)  are  obtained. 
Various  methods  of  protecting  the  nylon  parachute  are  discussed.  Although 
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requiring  further  engineering  development  the  following  methods  are 
theoretically  feasible:  Coating  with  a  silicone  foam  which  reduces  the 
heat  transfer  rate  to  the  nylon  is  possible;  vise  of  a  sublimating  coating, 
e.g.,  hexachlorethane  is  feasible;  eind  the  use  of  water  absorbed  in  a 
polyurethane  foam  coating  on  the  nylon  is  possible. 

Plots  are  given  for  the  heat  fluxes  at  various  points. 

Since  the  actual  total  heat  flux  in  a  given  case  depends  on  the  decelera¬ 
tion  rate  of  the  specific  parachute  only  specific  cases  could  be  considered. 
However,  the  method  is  described,  whereby,  using  the  data  of  this  report  the 
amount  of  evaporating  material  required  to  keep  the  nylon  at  a  safe  tempera¬ 
ture  can  be  very  readily  calculated  when  a  specific  time-velocity  profile 
is  given. 

WADC  TR  57-416  November  1957 

ASTIA  Document  No.  AD  142094 
OTS  Release 

SUBJECT:  THE  DEVELOPMENT  OF  A  COATING  FORMULATION  AND  METHOD 

OF  APPLICATION  FOR  USE  IN  NYLON  DOUBLE  FABRIC 
INVESTIGATOR:  Ernest  H.  Pagliaro 

CONTRACT:  AF  33(6l6)-3901 

CONTRACTOR:  The  Connecticut  Hard  Rubber  Company 

ABSTRACT:  A  two  ply  modified  plain  weavs  nylon  fabric  has  been  success¬ 

fully  coated  on  both  sides  using  conventioned  knife  over  roll  rubber  spreading 
equipment.  Blocking  between  the  plies  was  prevented  by  closely  controlling 
the  solids  concentration  and  the  amount  of  compovind  deposited  per  pass. 

Butyl  rubber  was  selected  over  the  other  elastomers  evaluated  because  it 
was  the  most  flexible  when  tested  at  -65 °F  according  to  requirements  of  the 
contract.  Specimens  coated  with  Butyl  rubber  have  also  met  the  other  nec¬ 
essary  requirements  including  adhesion,  weight,  and  air  retention. 

VIADC  TR  57-443  December  1957 

ASTU  Document  No.  AD  H2208 
OTS  Release 

SUBJECT:  DESIGN  DATA  ON  BIAXIAL  FORCES  DEVELOPED  IN 

PARACHUTE  FABRICS 

INVESTIGATOR:  Jan  G.  Krizik  Joseph  F.  Cheatham 

Ebrahim  Victory  Stanley  Backer 

CONTRACT:  AF  33(6l6)-3253 

CONTRACTOR:  Maissachusetts  Institute  of  Technology 

ABSTRACT:  A  high  pressure  permeometer  has  been  constructed  for  use 

with  parachute  cloths  over  a  differential  pressure  range  of  0.5  to  1000 
inches  of  water.  The  unit  consists  of  a  compressor,  test  duct  with  special 
biaxial  stress  jaws,  and  a  steam  ejector  in  series.  Operation  with  variable 
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air  densities  Is  possible  to  simulate  high  altitude  parachute  operation. 

A  range  of  standard  and  experimental  parachute  materials  has  been  tested 
on  the  permeometer  and  extensive  data  are  available  relating  air  flow, 
biaxial  stress  and  strain  and  area  increase  to  pressure  differentials 
across  the  fabric*  Data  shoving  the  effect  of  saunple  prestressing, 
cyclic  testing  and  average  air  density  are  Included. 

WADC  TR  57-538  March  1958 

ASTIA  Document  No.  AD  151090 
OTS  Release 

SUBJTOTl  DEVELOPMENT  AND  EVALUATION  OF  WEBBING  MADE 

FROM  NYLON  "b" 

INVESTIGATOR:  Russell  J.  Neff 

CONTRACT*  AF  33(600)-33484 

CONTRACTOR:  Phoenix  Trimming  Company 

ABSTRACT:  The  purpose  of  the  work  herein  reported  was  the  develop¬ 

ment  and  evaluation  of  a  series  of  nylon  webbings  utilizing  Type  "6"  nylon* 

A  group  of  webbings  were  manufactured*  Ten  were  made  using 
210  denier  ysum  and  four  were  made  using  modified  840  denier  yam.  The 
webbing  were  in  natural  and  OD  color,  untreated  and  treated,  made  in  accord¬ 
ance  with  Specification  MIL-W-i4088C  and  Specification  MIL-W-5625*  It  should 
be  noted  that  a  solid  weave  was  used  in  lieu  of  a  tubular  under  Specification 
MIL-V^5625  and  that  the  nimiber  of  ends  and  yam  ply  of  the  1/2",  9/16" 
and  5/8"  webbings  were  in  accordance  with  the  constructions  used  in  WADC 
Technical  Report  55-494*  A  series  of  teats  were  conducted  to  determine  if 
the  use  of  Type  "6"  nylon  was  feasible  in  Air  Force  webbings. 

This  investigation  shoved  that  the  webbings  manufactured 
from  regular  210  denier  Type  "6"  nylon  have  slightly  lower  breaking 
strength  and  were  susceptible  to  heat  degradation  at  lower  temperature 
than  webbings  presently  being  used  by  the  Air  Force  which  utilize  the 
Type  "66"  nylon.  The  webbings  manufactured  using  the  Type  "6"  modified 
840  denier  yam  appeared  to  be  equal  in  strength  and  superior  in  their 
resistance  to  heat  degradation  up  to  a  temperature  of  300"’ F. 

WADC  TR  57-765  May  1958 

ASTIA  Document  No.  AD  155511 
OTS  Release 

SUBJECT:  DEVELOPMENT  OF  HIGH  TENACITY-HEAT  STABLE  DACRON 

PARACHUTE  ITEMS 
INVESTIGATOR:  Chauncey  C.  Chu 

Ernest  R.  Kaswell 
Donald  J.  Doull 
CONTRACT:  AF  33(6l6)-3593 


WADC  TR  53-373  Sup  5 


180 


CONTRACTOR:  Fabric  Resesurch  Laboratories,  Inc* 

ABSTRACT:  A  Pilot  machine  has  been  designed,  constructed,  and 

used  for  the  production  of  "Hot  Stretched-Heat  Relaxed"  (HS-HR)  Dacron 
yams  and  threads*  Yams  so  produced  were  converted,  where  necessary, 
into  selected  end  items,  namely  webbings,  braid,  and  tape* 

The  HS-HR  process  consists  of  hot  stretching  the  yams 
over  heated  surfaces  at  375  ^to  400'*F*,  and  then  relaxing  the  yams  at 
a  surface  temperature  in  approximately  the  same  range*  Considerable 
difficulty  was  encountered  in  producing  in  proper  quality,  the  relatively 
large  quantities  of  yams  needed  for  the  selected  end  items,  and  much 
experience  was  gained  in  this  ultimate  accomplishment* 

A  previous  investigation,  WADC  TR  55-135,  reports  on 
the  properties  of  counterpart  items  prepared  frcan  "Heat  Relaxed"  (HR) 
Dacron  yarns*  The  HR  process  consists  of  merely  freely  relaxing  the  y£im 
at  375  ^  to  400^ F* 


Comparison  and  evaluation  of  the  HS-HR  smd  the  HR 
processes  with  particular  reference  to  their  use  for  Dacron  parachute 
canponent  are  the  subject  of  this  current  work*  Unprocessed  producer’s 
type  5100  Dacron  (U)  has  high  tenacity,  low  elongation  and  high  heat 
shrinkage*  Heat  Relaxed  (HR)  Dacron  has  low  tenacity,  high  elongation, 
and  essentially  no  shrinkage*  Hot  Stretched-Heat  Relaxed  (HS-HR) 

Dacron  has  high  tenacity,  intermediate  elongation,  and  essentially  no 
shrinkage* 


HS-HR  Dacron  meets  essentially  all  of  the  end  item 
specifications  originally  delineated  for  nylon*  In  addition  it  has 
better  heat  degradation  resistance  than  nylon,  better  heat  stability  than 
producer’s  Dacron,  and  higher  strength  per  unit  weight  than  Heat  Relaxed 
(HR)  Dacrm* 


In  a  Dacron  arrestatlon  parachute  the  relationships 
among  deformation  upon  deployment,  subsequent  recovery,  subsequent  heat 
stability,  and  utility  for  repeated  deployment,  are  not  completely 
known*  The  HS-HR  process  appears  to  have  some  advantages  over  the  HR 
process,  but  whether  it  is  worth  the  additional  effort  and  cost,  can 
only  be  decided  after  additional  study* 

ES-HR  end  items  have  been  delivered  to  WADC  for  compar¬ 
ative  field  evaluation  with  previously  delivered  HR  end  items* 
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WADC  TR  58-65  May  1958 

ASTIA  Docvment  No,  AD  155517 
OTS  Release 

SUBJECT  I  raiSEARCH  PROGRAM  FOR  THE  DEVELOPMENT  OF  A  DESIGN 

PROCEDURE  TO  ENGINEER  PARACHUTE  FABRICS 
INVESTIGATOR*  William  G.  Klein 

Charles  A.  Lermond 
Milton  M.  Platt 
CONTRACT*  AF  33(6l6)-3845 

CONTRACTOR*  Fabric  Research  Laboratories,  Inc. 

ABSTRACT*  This  report  presents  an  analysis  which  it  is  felt  comes 

closer  to  defining  the  mechanisms  of  air  flow  through  parachute  materials 
than  previous  attempts  have  done.  The  significant  difference  from  prior 
work  is  that  the  fabric  is  treated  as  a  three  rather  than  two-dimensional 
structure,  thus  permitting  a  more  accurate  characterization  of  the  actual 
flow  region.  The  fabrics  considered  are  those  conforming  to  the  physical 
specifications  of  MIL-C-7020,  Types  I  and  II,  but  with  permeabilities 
ranging  from  well  below  to  well  above  current  specifications. 

While  very  satisfactory  results  are  obtained  in 
explaining  permeability  on  the  basis  of  fabric  structure,  it  is  also 
shown  that  some  of  the  variables  controlling  permeability  must,  for 
specified  permeability  range,  be  held  closer  than  is  possible  by  present 
commercial  practice. 


TRANSPARENT  MATERIALS 


WADC  TR  54-619  Pt  2 
ASTIA  Document  No.  AD  142084 

SUBJECT*  THE  INVESTIGATION  OF  MULTIAXIALLT  STRETCHED  ACRYLIC 

PLASTIC 

Part  2.  Biaxially  Stretched  Plastic 
INVESTIGATOR*  Alfred  Batzdorff 

Jullvis  J.  Gouza 
Dee  A.  Hurst 
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CONTRACT:  AF  33(6l6)-489 

CONTRACTOR:  Rohm  &  Ha^  Company 

ABSTRACT:  The  purpose  of  this  investigation  was  to  further  define 

the  effects  of  stretching  procedures  and  of  simulated  warm  forming  treat¬ 
ments  on  the  material  properties  of  acrylic  plastic.  It  also  expanded 
the  scope  of  previous  work  by  including  studies  on  stretched  poly (methyl 
alf^  chloroacrylate).  A  new  phase  of  these  investigations  was  the 
gunfire  tests  on  stretched  materials. 

Conditions  were  determined  for  stretching  poly(methyl 
alpha  chloroacrylate),  or  Gafite  sheet,  and  physical  properties  of  the 
stretched  sheet  were  obtained.  Stress-solvent  crazing  resistance  increased 
vdth  Increase  in  percent  stretch,  and  the  Gafite  was  significantly  more 
stress-solvent  craze  resistant  than  the  MIL-P-5425  and  MII/-P-8184  materials. 
All  three  materials  behaved  similarly  in  showing  much  less  stress-solvent 
crazing  resistance  after  six  months  outdoor  aging. 

Both  Gafite  and  MIL-P-8184  materials  with  moderate  to 
high  degrees  of  stretch  were  hi^sly  resistant  to  stress-only  crazing 
after  six  months  outdoor  aging,  and  were  better  than  stretched  MIL-P-5425 
material  in  this  respect. 

The  effect  of  varying  the  conditions  of  stretching, 
especially  the  rate  of  stretching,  on  the  properties  of  three  types  of 
acrylic  plastic  with  several  different  percents  of  stretch  was  evaluated 
by  means  of  dV/dA  tests,  50*^0  crazing  tests,  and  funfire  resistance.  The 
results  indicated  definite  effects  of  stretching  conditions  on  the  guidTire 
resistance  and  crazing  properties,  but  no  significant  effects  on  the  dW/dA 
results  on  the  stretched  materials. 

The  effect  of  a  simulated  warm  forming  cycle  on  the 
properties  of  stretched  materials  was  of  no  great  magnitude.  There  was 
some  reduction  in  stress-solvent  crazing  resistance,  but  the  properties 
were  still  much  improved  as  compared  to  unstretched  material. 

Condi tlcHis  of  temperature,  speed  of  testing,  and  moisture 
content  of  the  specimen  affected  the  dW/dA  test  results  quite  signifi¬ 
cantly.  Limited  investigation  was  made  of  these  phenomena.  The  effect 
of  specimen  size  on  the  dV/dA  resvilts  was  investigated. 

Some  of  the  sources  of  variation  of  results  on  dV/dA 
tests  were  analyzed.  There  was  considerable  variation  with  percent 
stretch  and  the  60^  stretch  region  on  MIL-P'-8184  material  represented  a 
wide  range  of  dW/dA  values  which  were  heterogeneous  in  their  source. 

It  would  be  wise  to  avoid  this  degree  of  stretch  in  order  to  reduce 
variability  in  crack  propagation  resistance. 
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WADC  TR  56-352  Pt  II 
ASTIA  Document  No.  AD  U2047 


October  1957 


SUBJECT:  DEVELOPMENT  OF  A  RIGID  TRANSPARENT  PLASTIC 

MATERIAL  SUITABLE  FOR  AIRCRAFT  GLAZING  AT 
ELEVATED  TEMPERATURE 
INVESTIGATOR:  George  Helvey 

Harold  A.  Clark 
CONTRACT:  AF  33(6l6)-3065 

CONTRACTOR:  Dow  Coming  Corporation 

ABSTRACT:  Additional  research  work  was  conducted  to  obtain  a 

rigid,  transparent  plastic  having  properties  at  elevated  temperatures 
superior  to  those  of  the  presently  available  transparent  materials. 

Evaluation  of  straight  silicone  resins,  designated  as 
Resin  l^rpe  BB,  was  continued  but  no  significant  Improvement  in  properties 
was  realized.  Although  this  resin  type  has  excellent  optical  properties 
(lumlnotis  transmittance  of  over  90  percent  and  haze  less  than  1  percent) 
\Aich  are  not  visibly  affected  by  heat  aging  (thermally  stable  after 
prolonged  exposure  at  200  degrees  C)  the  physical  properties  are,  in 
general,  well  below  those  of  other  canmercially  avadlable  materials. 

The  Heat  Distortion  Temperature  of  Resin  Type  BB  is  40 ^'C  to  66 °C.  This 
material  will  not  be  satisfactory  for  glazing  applications  requiring 
rigidity  at  elevated  temperatures  but  may  be  adapted  for  other  uses. 

Flake  glass  reinforcement  of  the  resin  was  attempted 
but  was  not  successful  because  of  poor  orientation. 

Large  sheet  castings  were  successfully  fabricated  by 
processing  the  silicone  resins  using  special  techniques. 


VIADC  TR  57-24  July  1957 

ASTIA  Document  No.  AD  130914 

SUBJECT:  DEVELOPMENT  OF  A  RIGID  FLUORINATED  TRANSPARENT 

PLASTIC  MATERIAL  SUITABLE  FOR  AIRCRAFT  GLAZING  AT 
ELEVATED  TEMPERATURES 
INVESTIGATOR:  Harry  D.  Anspon 

Joseph  J.  Baron,  Jr. 

CONTRACT:  AF  33(6l6)-3240 

CONTRACTOR:  General  Aniline  and  Film  Corporation 

ABSTRACT:  The  field  of  fluoroacrylate  polymers  was  studied  as  a 

starting  point  on  investigation  of  new  polymeric  materials  for  use  as 
high  temperature  resistant,  transparent,  glazing  materials. 
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A  literature  suirvey  of  this  field  showed  that,  although 
several  fluoroacrylate  polymers  had  been  prepared  previously,  almost  no 
information  was  available  on  the  polymers  and  their  properties. 

The  fluorine  analogs  (methyr^-(trifluoramethyl)acrylato 
CH2=C(CF3)C0XH3J  and  methyl c(-fluoroacrylate,  CH2~CFCCX)CH3)  of  the  two, 
well-known,  readily-polymerizable  moncmers,  methyl  methacrylate,  CH2=C(CH2) 
COOCH^  and  methyl  "^-chloroacrylate ,  CE^CCICOOCE^,  were  prepared  by 
methods  described  in  the  literature. 

Methyl cC-(trifluoromethyl) acrylate  did  not  polymerize 
under  conventional  methods  nor  under  special  conditions  recommended  in 
patents  by  a  previous  investigator.  It  was  polymerized  to  a  transparent 
solid  by  extended  gamma  radiation.  The  characteristics  of  the  polymer 
obtained  by  gamma  radiation  remain  to  be  determined* 

Methyl <-fluoroacrylate  polymerized  readily  under  light 
irradiation  to  a  tou^,  transparent,  solid  polymer  with  a  heat  distortion 
temperature  of  110 °C,  (230 ®F,)  with  excellent  solvent  craze  resistance, 
and  with  a  heat  stability  of  about  2  hours  at  204  °  0,  (400®F, )  in  an  air 
oven.  Its  heat  distortion  temperature  was  lower  than  135“C,  (275 ‘T,), 
the  heat  distortion  temperature  of  the  corresponding  chloro  compound, 
methyl '<-chloroaerylatej  but  its  toughness,  solvent  resistance,  and  heat 
stability  were  superior  to  those  of  methyl  "^-chloroacrylate  polymer 
("GAFITE")*  Additional  quantities  of  methyl ^-fluoroacrylate  are  in 
preparation  to  provide  samples  for  more  extensive  testing  of  this  polymer. 

Exploratory  work  on  syntheses  of  methyl  trif luoroacrylate , 
CF2=CFCOOCH3;  and  methyl '^<-chloro^,^ifluoroacrylate,  CF2=CC1C0XH3  was 
initiated. 


WADC  TR  57-24  Ft  II  February  1958 

ASTIA  Document  No,  150966 


SUBJECT!  DEVELOPMENT  OF  A  RIGID  FLUORINATED  TRANSPARENT  PLASTIC 

MATERIAL  SUITABLE  FOR  AIRCRAFT  GLAZING  AT  ELEVATED 
TEMPERATURES 


INVESTIGATORt  Harry  D.  Anspon 

Joseph  J.  Baron,  Jr, 

CONTRACT*  AF  33(6l6)-3240 

CONTRACTOR*  General  Aniline  and  Film  Corporation 

ABSTRACT*  Fluoroacrylate  esters  were  investigated  to  determine 

whether  their  polymers  possessed  properties  suiting  th«n  to  use  as  high 
temperature  resistant,  transparent,  glazing  materials. 
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Two  sheets  (12"  x  12"  x  l/8")  of  methyl '^-fluoroacrylate 
were  cast.  The  properties  of  these  sheets  were  determined  by  tests  run 
at  Wright  Mr  Development  Center  and  by  General  Aniline  and  Film  Corp. 

This  polymer  posses  good  forming  properties,  excellent  craze  resistance, 
good  stability  toward  light  and  heat  /{Polymethylc<[-flxK)roacrylate  is  at 
least  100  times  more  stable  than  polymethylof^-chloroacrylate  at  191*^0. 
(375°F.J^  and  is  tougher  than  the  chloro-analog.  However,  its  heat 
distoirtlOQ  temperature  (108®C.)  is  lower  than  that  of  polymethyl 
'^-chloroacrylate  (135°C. )  • 

Polymers  and  copolymers  of  methyl '^•fluoroapiylate, 
methyl^C -(trifluoromethyl)  acrylate,  metl:yl'''t-cbloroacrylate,  methyl 
methacrylate,  and  glycldyl  methacrylate  were  prepared  and  examined. 

Only  cross-linked  glycldyl  methacrylate  possessed  a  hi^er  heat  distortion 
temperature  than  methyl fXrchloroacrylate  polymer.  The  glycldyl  group 
seems  to  confer  some  heat  stability  to  the  acrylate  over  that  possessed 
by  a  methyl  ester. 

Exploratory  synthesis  of  methyl  qf-chloro-^,  p-difluoro- 
acrylate,  CF^^CCICOOCH^,  and  methyl<x;,P,^“trifluoroacrylate,  CF2=CFC00CH2 
were  carried  out.  It  Is  probable  that  tne  former  compound  has  been 
isolated,  but  the  last  steps  of  the  synthesis  of  the  latter  compound 
remain  to  be  completed. 


WADC  TR  57-213  July  1957 

ASTIA  Document  No.  AD  130887 


SUBJECT I  SILICONE  INTERLAIER  MATERIAL  PROGRAM 

INVESTIGATOR:  Keith  E.  PiOmanteer 

Francis  J.  Campbell 
Thoman  L.  Laur 


CONTRACT:  AF  33(600)-27183 

CONTRACTOR:  Dow  Coming  Corporation 

ABSTRACT:  Improvement  of  thermally  stable  silicone  interlayer 

materlMs,  Types  K,  L  and  M,  was  the  object  of  this  research.  A  method 

was  developed  to  completely  confine  interlayer  samples  during  heat  aging. 
Falling  ball  impact  and  peel  strength  test  methods  for  elevated  temperature 
testing  were  developed.  Work  on  Type  L  interlayer  was  ended  due  to  its 
poor  shelf  life.  Improvement  in  Type  M  interlayer  material  was  achieved. 
Introduction  of  capillaries  in  Type  M  interlayer  made  it  possible  to 
prepare  12  x  12  inch  laminates  which  withstood  400®F  for  100  hours 
without  forming  defects. 


Tensile  strength,  peel  strength,  bullet  impact  and 
falling  ball  impact  properties  of  Type  K  and  Type  M  interlayer  were 
measured  over  a  broad  temperature  range.  Falling  ball  impact  results 
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showed  PVB  laminates  to  be  better  than  l^pe  E  laminates  over  the  temper^ 
ature  range  of  30®  to  97®F*  TJrpe  K  laminates  had  sli^tly  higher  impact 
strengths  than  Type  M  laminates  over  the  temperature  range  of  -65  °to 
t  400“?*  Impact  resistance  was  shown  to  be  directly  related  to  adhesion* 


WADC  TR  57-421  October  1957 

ASTIA  Document  No*  AD  142021 

SUBJECT*  TRANSPARENT  MATERIALS  FC»  AIRCRAFT  ENCLOSURES  WADC- 

UNIVERSITI  OF  DAYTON  JOINT  CONFERENCE 
INVESTIGATOR*  Robert  E.  Wittman 

ABSTRACT*  The  purpose  of  this  report  is  to  make  available  all 

technical  papers  presented  at  the  recent  Seventh  Conference  on 
"Transparent  Materials  for  Aircraft  Baclosures*"  This  conference  was 
held  for  the  exchange  of  knowledge  on  new  developments  and  design 
concepts  concerned  with  crew  enclosures  and  to  make  known  the  state  of 
the  art  with  respect  to  transparent  plastics.  Interlayer  materials,  and 
^ass. 


The  papers  contained  herein  have  been  r  eproduced  directly 
from  the  original  manuscripts* 


WADC  TR  57-447  October  1957 

ASTIA  Document  No.  AD  142045 


SUBJECT*  ELEVATED-  AND  ROOM-TEMPERATURE  PROPERTIES  OF 

TRANSPARENT  PRESTRETCHED  PLEHCSLAS  55 


INVESTIGATOR*  G.  M.  Gynn 


J.  A.  Vanecho 
V.  F.  Simmons 

CONTRACT*  AF  33(6l6)-3215 

CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT*  Creep  and  creep-rupture,  short-time  tensile,  and  detei> 

ioratioD  data  were  obtained  for  prestretched  Plexigp-as  55,  a  transparent 
acrylic,  sheet  material*  Data  were  obtained  at  80,  160,  200,  and  250  F* 
A  comparison  of  properties  is  made  with  unstretched  5105XF,  an  experi¬ 
mental  Plexi^as  material* 


The  stress-rupture  strength  propeirties  of  the  prestretched 
material  were  found  to  be  superior  to  the  unstretched  5105XP  at  80,  160, 
and  200F*  The  prestretched  Plexiglas  deformed  more  than  the  unstretehed 
material  did,  initially  resulting  in  Inferior  creep-strength  properties 
even  thou^  minimum  creep  rates  were  essentially  the  same.  The  short-time 
tensile  strength  of  the  prestretched  Plexiglas  is  superior  to  the 
unstretched  material  at  temperatures  to  about  170  F.  At  temperatures 
above  170F,  the  strength  of  the  stretched  material  fell  below  that  of  the 
unstretehed  5105ZP  Plexiglas* 
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December  1957 


WADC  TR  57-580 
ASTIA  Document  No.  AD  142180 

SUBJECT!  EVALUATION  OF  SELBCTRON  400  TRANSPARENT  PLASTIC 

MATERIAL 

INVESTIGATOR!  Donald  L.  Schmidt 

ABSTRACT!  Evaluation  test  data  are  presented  cm  the  optical, 

mechanical  and  thezmal  properties  of  a  new  experimented  transparent 
idastlc  material,  designated  Selectron  400* 

Solectron  400  has  outstanding  physical  propesrties  with 
respect  to  strength  at  high  temperatures,  heat  distortion  temperature 
and  resistance  to  crazing*  The  material  in  its  present  stage  of  develop¬ 
ment  has  several  undesirable  characteristlem  such  as  brittleness,  notch 
sensitivity  and  low  impact  strength* 

Selectron  400  is  suitable  for  use  as  monolithic  canopy 
material  in  nonpressurized  aircraft,  and  as  surface  sheets  of  laminated 
glazing  assmnblies  on  pressurized  aircraft*  However,  Solectron  400 
laminates  with  a  silicone  heat  resistant  interlayer  have  not  yet  been 
successfully  fabricated  and  evaluated* 


UADC  TR  57-640  December  1957 

ASTIA  Document  No.  AD  142182 

SUBJECT!  EVALUATION  OF  CAST  UNFILLED  TRIALLTL  CTANURATB-POLYESTER 

LAMINATING  RESINS 
INVESTIGATOR!  D.  F.  Starks 

ABS3BACT!  An  exploratory  evaluation  of  the  properties  of  three 

oast  unfilled  triallyl  cyanurate-polyester  laminating  resins  was  conducted 
to  determine  if  this  chemical  type  of  resin  would  provide  a  useful 
material  for  further  development  as  a  heat  resistant  t  ransparent  glazing 
material  for  use  in  aircraft*  The  castings  were  made  and  all  tests  were 
conducted  bv  the  Plastic  Products  Section  of  the  Organic  >faiterlals  Branch, 
Materials  Laboratory,  Directorate  of  Laboratories,  \hrlght  Air  Development 
Center*  The  tests  were  selected  as  those  that  would  best  present  a 
basic  representation  of  the  merits  of  the  resins*  These  included  specific 
gravity,  water  Immersion,  heat  distortion,  tensile  strength,  Izod  impact 
and  ro<mi  and  elevated  temperature  flexural  tests*  Optical  quality 
castings  with  good  light  transmission  were  not  obteiined;  however,  it 
was  considered  that  if  the  other  properties  were  promising,  the  optical 
characteristics  could  be  included  in  later  developmental  studies* 


nie  triallyl  cyanurate-polyester  laminating  resins  are 
not  2-stage  materials  in  the  form  evaluated  but  are  east  and  cured  to  the 
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final  fors*  They  were  compared  to  Selectron  400  ^ich  is  a  2-8tage 
material  with  satisfactory  optical  properties*  Since  most  of  the 
properties  of  the  triallyl  cyanurate-polyester  laminating  resins 
Investigated  were  inferior  to  Solectron  400,  development  work  as 
described  in  WADC  TR  57-5SO  will  be  continued  on  Selectron  400* 
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II  NUMERICAL  LISTING  OF  PUBLISHED  TECHNICAL  REPORTS  (  March  1923  -  Juna  1958) 


Accessories.  Aircraft 

4720,  4938,  5064,  5563,  5599,  5651,  53-472 
Adhesives.  Structural 

5896  Pts.  1-2,  5928,  52-156,  52-156  Sup  1,  53-126  Pts.  1-2-3-4,  53-294,  53-294 
Sup  1,  53-477,  54-88,  54-98  Pts.  1-2-3,  54-153,  54-231  Pts.  4-5,  54-447  Pts.  1-2, 

55- 87  Pts.  1_2-3-4-5-6,  55-271  Pts.  1-2-3,  55-289,  55-491  Pts.  1-2-3,  56-24, 

56- 239,  56-320  Pts.  1-2,  56-410,  56-467,  56-533,  56-650,  57-513,  57-696 


Aircraft  Parts 


5219,  5496 

Antiseize  Compouiids 


52-102,  53-197,  55-493 
Biochemistry 

5588,  6518  Pts.  1-2-3-4,  52-214,  53-474,  54-30,  54-148,  54-421,  55-72,  55-508, 

56— 208,  56—252,  56—384  ft.  1,  56—431,  56— 48c  Sup  1,  iN  57—232,  58—32 

Brazing  Alloys 

57- 648 

Ceramlca 


5897,  5947,  6218  Pt.  1,  6512,  6515,  6601  Pts.  1-2,  52-67,  52-92,  52-291  Pts.  1-2- 
3,  53-9  Pts.  1-2,  53-37,  53-50  Pts.  1-2,  53-91,  53-165,  53-287,  54-1,  54-13  Pts, 
1-2,  54-27,  54-33  Pts.  1-2,  54-414,  54-457,  54-467,  54-491  Pts.  1-2,  55-327,  55-500 
Pt.  1,  56-329,  56-521,  57-32,  57-39,  57-86,  57-135,  57-577  Pt.  1,  57-665,  58-12 
Pt.  1,  58-13  Pt.  1 


Ghwmistry 

53-147  Sup  1,  56-495,  57-187,  57-193,  57-606 
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Cleaning 

4609,  52-100,  53-147 

Coatings 


5617,  5700  Sup  1-2,  5236,  52-48,  52-99,  53-73,  53-466  Pt.  1,  53-511  Pts.  1-2, 

54-209,  54-325  Pts.  1-2-3,  54-373,  54-392,  54-452,  54-526,  54-527,  54-527  Sup  1, 
IN  55-212,  55-308,  56-80,  56-80  Sup  1,  56-250,  56-338  Pts.  1-2,  56^385,  56-591, 

56- 622,  57-158  Pts.  1-2-3,  57-185,  57-186,  57-195,  57-296,  57-317,  57-342,  57-435 

57- 752,  58-4,  58-11 

Corrosion 

5690,  6519  Pts.  1-2-3-4-5-6,  6591,  53-16  Pts.  1-2-3,  54-481,  54-568,  55-84,  55- 
109,  TN  55-212,  TN  55-212  Sup  1-2,  55-345,  56^237,  5^310,  5^^311,  56^380,  56-414 
57-302,  57-540,  57-662 


Creep 

57-96,  57-104,  57-150  Pts.  1-2,  57-297 


Design  Criteria 

5144  Pts.  1-2,  5311,  5521,  5662  Pts.  1-4-5,  5472  Pts.  1-2,  5899,  6517  Pts.  1-2- 
3-5,  52-89  Pts.  1-2-3,  52-251  Pts.  1-2-3-4,  52-252,  52-320,  53-7,  5>10,  53-24 
Pts.  1-2-3-4,  53-71  Pts.  1-2,  53-300,  53-336  Pts.  4-5,  53-507,  53-510  Pt.  1,  54- 
122,  54-175  Pts.  1-2,  54-214  Pt.  1,  54-402,  55-18  Pt.  1,  55-18  Sup  1,  55-103, 

55- 103  Sup  1-2,  55-150  Pts.  1_2-3-4-5-6-7,  55-199  Pts.  1-2-3,  55-372,  56^-26  Pt.  1 

56- 44,  56-216,  56-340,  56-395  Pts.  1-2-3 

Electrodeposition 


5125,  5692,  5692  Sup  1-2-3-4,  52-232,  53-162  Pts.  1-2-3,  53-218,  53-271  Pts.  1-2, 
53-317,  54-240,  54-485  Pts.  1-2-3,  TN  57-178,  57-514,  58-5  Pt.  1 

Electronic  Materials 


TN  57-241,  TN  58-54 


Fatigue 

5623,  5726  Pts.  1-2,  5775  Pts.  1-2,  52-148,  52-234,  53-122,  53-167,  53-184, 
53-393  Pt.  1,  53-437  Pts.  1-2,  54-20,  54-64,  54-200,  54-462,  54-531,  54-531 
Sup  1,  55-86  Pts.  1-2,  55-225,  55-226,  TN  55-232,  TN  57-273  Pts.  1-2,  TN  55-284, 
55-389,  55-456,  TN  55-460,  55-483,  55-497,  55-527,  56-37,  56-122,  56-127,  56- 
180,  56-181,  56-289,  56-291,  56-408,  56-611,  57-310,  57-589 
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Fu»l3 


5636,  5636  Sup  1,  5895,  5944,  6387,  6390,  6625,  6625  Sup  1,  52-35,  52-35  Sup  1- 
2-3-4,  52-53,  53-63  Pts.  1-2-3-4-5,  53-63  Sup  .1,  54-328  Pts.  1-2,  54-596,  55-138, 

55-219 

Fur 

53-333 


Graphlt* 

57-491  Ft.  1,  57-602 
Hydraulic  Fluids 

5561,  5655,  5746,  5756,  5756  Sup  1,  5763  Sup  1,  6665,  6685,  6685  Sup  1-2,  52- 
118,  53-79,  53-462,  54-191,  54-532  Pts.  1-2-3,  55-62,  55-89  Pts.  1-2-3-4-5,  56- 
25,  56-168  Pts.  1-2,  56-207  Pts.  1-2-3,  5^634,  57-2,  57-119,  57-151,  57-151  Sup 
1,  57-167,  57-168,  57-266  Ft.  1,  57-294,  57-437,  57-573,  57-581,  58-84 


Joining 


4423,  4554,  4657,  4659,  5310,  5749,  5931,  52-143,  52-231,  52-294,  52-313  Pts. 
1-2,  52-322  Pts.  1-2-3-4,  53-67  53-231,  54-401,  54-17  Pts.  1-2-3,  54-97  Pts. 
55-22,  55-213,  56-550 


Lsathsr 

53-414,  54-63,  54-466 


Lubricants 

5685,  6385,  6386,  52-22,  52-220,  53-11,  53-25,  53-45,  53-79,  53-83  Pts.  1-2-3-4- 
5-6,  53-88,  5>293  Pts.  1-2-3-4-5-6-7-8,  53-303,  53-337  Pts.  1-2-3,  53-353,  5> 
426  Pts.  1-2-3-4-5,  53-466  Pt.  2,  54^37,  54-44,  54-46,  54-157,  54-339  Pts.  1-2, 
54-417,  54-418,  54-464  Pts.  1-2-3-4,  54-576  Pts.  1-2,  54-580,  54-614,  55-30  Pts. 
1_2-3-4-5,  55-90,  55-102  Pts.  1-2-3,  55-187  Pts.  1-2,  55-190  Pts.  1-2-3,  55-240 
Pts.  1-2-3-4,  TN  55-372,  55-385,  55-449  Pts.  1-2-3-4-5-6,  55-475,  TN  55-554,  56^ 

1,  56-11,  56-175,  56-177,  56-224,  56-229,  56-254,  56-262,  56^275,  56-370  Pts.  1- 

2,  56-375,  56-430  Pt.  1,  56-475,  56-646  Pt.  2,  57-36  Pt.  1,  57-61  Pt.  1,  57-93, 
57-113,  57-166,  57-177,  57-199,  57-255,  57-283,  57-299,  57-455 


Materials  Physics 

4596,  4617,  4995,  5014,  5628,  6189,  6381,  6520,  6610,  52-168,  52-246,  52-282, 
53-32,  53-44,  53-112,  53-201  Pts.  l-2-3-5~6,  53-308  Pts.  1-2-3,  53-378  Pts.  1-2, 
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53-455,  53-465,  54-45,  54-185  Pts.  1-2,  54-268,  54-306  Pts.  1-2,  54-393,  54-601, 
55-108,  55-255,  TN  55-302,  55-421,  55-495  Pts.  1-2-3,  55-496  Pts.  1-2,  56-4  Pts. 
1-2,  56-19  Pts.  1-2,  TN  56h-183,  TN  56-191,  TN  56^196,  56-222  Pt.  1,  56-263,  56- 
436,  56-452,  56-455,  56-465,  5^^500,  56-515,  56^543,  56-623,  56-657,  57-10,  57- 
38,  57-92,  TN  57-114,  57-141,  TN  57-207,  57-212,  57-226,  TN  57-294,  TN  57-298 
Pt.  1,  TN  57-308,  57-319,  57-334,  57-334  Sup  1,  TN  57-335,  TN  57-342,  57-359, 

TN  57-362,  57-374  Pts.  1-2,  57-375,  57-381,  57-465,  57-487,  57-488,  57-512,  57- 
667,  57-771,  58-42 

Metals.  Genaral 

4796,  4814,  5925,  6191,  6222,  6517  Sup  1,  6517  Pt.  2,  6678,  6731  Pts.  1-2-3-4, 
52-89  Pt.  1,  52-101  Pts.  1-2,  54-183,  54-474  Pt.  2,  54-598,  55-34,  56-83,  56- 

242,  5^282,  56^294,  56-330  Pts.  1-2-3-4-5-6-7,  56^402,  56-330  Pts.  1-2-3-4-5- 
6-7,  56^402,  56-486,  57-131,  57-311,  57-695 


Metals.  Ferrous 

4473,  4799  Pts.  1-2,  4802,  5645,  5657,  5696,  52-73,  52-77,  52-325  Pt.  1,  53-254 
Pts.  1-2-3-4-5-6,  53-256,  53-439,  TN  55-87,  56-205,  56-396,  56-555,  56-598,  57- 
501,  58-108  Pt.  1 


Metals.  High  Temperature 

5435,  5649,  5712,  5716,  5730,  5731,  5893,  5929,  5930,  5936  Pts.  1-2,  5949,  6188, 
6219,  6a5,  6640,  52-54,  52-226  Pts.  1-2,  52-227,  52-243,  52-253,  53-70,  53- 
272  Pts.  1-2,  53-274,  5>277  Pts.  1-2,  53-336  Pts.  1-2-3,  53-451  Pts.  1-2,  54- 
40,  54-120  Pts.  1-2,  54-175  Pt.  3,  54-206,  54-270  Pts.  1-2,  54-276,  54-391,  54- 
391  Sup  1,  54-451  Pts.  1-2,  54-472,  54-488  Pt.  1,  55-23,  55-96,  55-218,  55-243, 
TN  55-290  Pts.  1-2,  55-388,  55-391,  55-470  Pts.  1-2,  55-501,  56-II4,  56-190, 
56^327,  56-454,  57-40,  57-57  Pt.  1,  57-154,  57-242,  57-298,  Pts.  1-2-3,  57- 

309,  57-343,  57-426,  57-535,  57-649  Pt.  1,  57-678,  57-717,  58-28 

Metals.  Nonferroufl  Aluminum 

4531,  4547,  4560,  4566,  4902,  4902  Add.  1,  5103,  5111,  5129,  5187,  5228,  5357, 
5589,  5603,  5694,  5701,  5945,  6513,  6675,  52-251  Pt.  1,  52-307  Pts.  1-2,  53-40, 
53-151,  53-151  Sup  1,  53-527,  54-104,  54-119,  54-490,  54-590,  54-595,  TN  55-49, 
56-99,  56-481,  5^585  Pt.  1 


Metals.  Nonferrous  Mamesltun 

4514,  4556,  4725,  4780*  5156,  5246,  5349,  5517,  5734,  5755,  5926,  6173,  6174, 
6594,  5a-l69,  53-18  Pts.  1-2,  53-113,  53-181,  53-405,  54-83  Pts.  1-2-3-4-5, 
54-357^  55-160  Pts.  1-2-3,  55-207,  56-88,  56-405,  56-409,  56-415,  56-453,  56- 
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461,  56-478,  57-194  Pts.  1-2-3,  57-241  Ptf.  1-2,  57-518,  57-576 

Matals.  Nonfarroua  Silicon 

6383 

Matals.  Nonferrous  litanlum 


Metals.  Nonferrous  Vanadium 
52-145  Pts.  1-2-3 
Metals.  Nonferrous  Zirconium 
5932,  5943,  52-236 


Packaging 


-22  Pt.  1,  53-38  Pts,  1-20  inclusive,  53-43,  53-68,  53-132,  53-133  Pts.  1-2-3 
-133  Pt.  3  Sup  1,  53-216,  53-334,  TN  55-216,  TN  55-328,  TN  55-407,  TN  55-706, 
342,  56-342  Sup  1,  56-357,  56-464,  56-539,  56-547,  56-647,  56-660,  57-51, 
57-682 


, 


Paint  Remover 


5713  Sup  1 

Plastics.  Structural 

4648,  4969,  4989,  4998,  5004,  5012,  5062,  5077,  5686,  5698,  5748,  5940,  5941, 
6190,  6220  Sup  1-2,  6223  Sup  1,  6389,  6602,  52-5,  52-5  Sup  1-2-3,  52-20,  52- 
24,  52-75,  52-105,  52-142,  52-161,  52-183,  52-183  Sup  1-2-3-4-5,  53-56,  53- 
185  Pts.  1-2-3-4,  53-192  Pts.  1-2-3-4-5-7-8-9-10-11,  53-307,  53-371  Pts.  1-2, 
53-4S3,  53-491,  54-474  Pts.  1-2,  54-540,  55-31,  55-37,  55-186  Pts.  1-2-3,  55- 
256,  55-290  Pts.  1-2,  55-308,  55-319,  55-342,  56-206,  56-231,  56-264,  56-270, 
56—296,  56—522,  56—534  Pts.  2—3,  56—581,  57—37,  57—200,  57—246,  57—352,  57— 
531,  57-574,  57-638  Pt.  1,  57-674,  58-27 
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Polymers  and  Synthesis  Studl»3 


54- 102  Pts,  1-2,  54-264,  54-525,  54-599  Pts.  1t2,  54-613  Pts.  1-2-3,  55-25,  55- 
26  Pts.  1-2-3-4,  55-146,  55-193  Pt.  2,  55-220  Pts.  1-2-3-4,  55-221  Pts.  1-2-3- 
4,  55-374,  55-453  Pts.  1-2,  55-461,  56-82  Pts.  1-2-3,  56-90,  56-94,  56-201,  56- 
203  Pts.  1-2,  56-234,  56-326,  56-376,  56-399,  56-492,  56-493,  56-520,  56-530, 

56- 590  Pts.  1-2,  56-596  Pts.  1-2,  57-45  Pts.  1-2,  57-62  Pts.  1-2,  57-110  Pts.  1- 
2,  57-126  Pts.  1-2,  57-143  Pts.  1-2,  57-189,  57-321  Pts.  1-2,  57-391,  57-436, 

57- 502,  57-503,  57-657,  57-764,  58-3,  58-44  Pt.  1,  58-51 

Badloaraphy 
4539,  5441 
Rubber 

2938,  3269,  3893,  4860,  5891,  52-80,  52-180,  52-191  Pts.  1-2-3,  52-192,  52-197 
Pts.  1-2-3-4-5-6-7-8,  52-230,  52-338,  53-223,  53-281  Pts.  1-2,  53-372,  53-410, 
53-450,  54-10,  54-62,  54-68,  54-190  Pts.  1^2-3,  54^213,  54-318,  54-407,  54- 
458,  55-26  Pts.  1-2,  55-57,  55-58  Pts.  1-2-3,  55-117,  55-193,  55-206,  55-351, 

55- 377,  55-381,  55-439,  55-492  Pts.  1-2-3,  56-155  Pts.  1-2,  56-272  Pts.  1-2-3, 

56- 331  Pts.  1-2,  56-351,  57-247,  57-346,  57-364,  57-553,  57-651,  58-18,  58-19 

Sandwich  Construction 


52- 51  Pts.  1-2-3,  52-184,  52-184  Sup  1-2-3-4-5,  53-72,  53-146,  53-146  Sup  1, 

53- 327,  54-138,  55-417  Pts.  1-2,  55-463,  56-86,  56-119,  56-230,  56-386,  57- 

132,  57-609,  58-76 

Structures 


5544 

Tests.  Nondestructive 

5598,  5898,  54-231  Pts.  1-2-3,  55-175  Pts.  1-2,  55-322,  56-607,  57-268,  58-35 
Textiles 

2123,  2291,  2429,  2920,  3089,  3108,  4620,  5590,  5665,  5699,  5894,  52-55,  52-57, 
52-112,  52-283  Pts.  1-2-3-4-5,  53-21  Pts.  1-2,  53-298,  53-351,  53-444,  53-452, 
54-12,  54-39,  54-49,  54-52,  54-93,  54-117,  54-199,  54-323  Pts.  1-2,  54-468,  54- 
513,  54-570,  54-571,  54-572,  54-573,  54-574,  54-611,  54-612,  55-3,  55-83,  55- 

104,  55-135,  55-229,  55-264,  55-297,  55-313,  55-324,  55-340,  55-340  Sup  1,  55- 

343,  55-379,  55-432,  55-465,  55-485,  55-494,  56-15,  56-151,  56-256,  56-257,  56- 

288,  56-541,  56-576,  57-157,  57-416,  57-443,  57-538,  57-765,  58-65 
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Transparent  Matariala 

4604,  5108,  6629  Section  2,  6684,  52-38,  52-185 
^3—259  53— 299 •  53—378  Pt.  3,  54—128  Pts»  1—2,  54—207  Pt»  1, 

Sval’ntT-i  55:24,  55-W,  55-217,  55-272  5«9^  55-412, 

133,  56-159,  56-243,  56-352  Pts.  1-2,  56-491,  56-557  Pt.  1,  56- 
24  Pts.  1-2,  57-213,  57-421,  57-447,  57-580,  57-640 


52-304,  53-19, 
4-429,  54-465, 

55-499,  56- 
•645  Pt,  1,  57- 
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